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Notice

Development of this document was funded, wholly or in part, by the United States
Environmental Protection Agency under Contract No. 68-W8-0098. It has been
subjected to the Agency's review process and approved for publication as an EPA
document.
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ARAR
ATSDR

CAA
CERCLA

CLP
CRL
CRP
CWA
DQO

EMSL-LV
EPIC
ERA

ESI

FIT

FS

FSP

HSP
IRIS
Lead agency

MCL
MCLG
MPRSA
NAAQS
NCP
NEPA

Glossary

Applicable or relevant and appropriate requirement

Agency for Toxic Substances and Disease Registry: A branch of the Centers for Disease Control
that is responsible for preparing health assessments at sites.

Clean Air Act

Comprehensive Environmental Response, Compensation, and Liability Act of 1980, also known as

Superfund: Amended in 1986 by the Superfund Amendments and Reauthorization Act (SARA).
Contract Laboratory Program

Central regional laboratory

Community relations plan

Clean Water Act

Data quality objectives: Statements that specify the data needed to support decisions regarding
remedial response activities.

Environmental Monitoring Systems Laboratory, Las Vegas

Environmental Photographic Interpretation Center

Expedited response action

Expanded site investigation

Field investigation team

Feasibility study

Field sampling plan: Defines in detail the sampling and data gathering activities to be used at a
site. (See SAP.)

Health and safety plan

Integrated Risk Information System

The agency, either the EPA, Federal agency, or appropriate State agency having primary
responsibility and authority for planning and executing the remediation at a site.

Maximum contaminant level: Established under the Safe Drinking Water Act.

Maximum contaminant level goal: Established under the Safe Drinking Water Act.

Marine Protection Research and Sanctuaries Act

National Ambient Air Quality Standards
National Oil and Hazardous Substances Contingency Plan

National Environmental Policy Act
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NIOSH
NPDES
NPL
O&M
OSHA
OSWER

a.*

PRP

QA
QAPP

QC
RAS
RCRA
RD
RfD

RI/FS
ROD
RPM
SAP

SARA
SAS
SDWA
SI
SITE
SOP
SOW
SPHEM
SWDA
TAT
TBC
TCL
TDM
TSCA
WPRR

National Institute for Occupational Safety and Health

National Pollutant Discharge Elimination System

National Priorities List: A list of sites identified for remediation under CERCLA.
Operation and maintenance

Occupational Safety and Health Administration

Office of Solid Waste and Emergency Response

Cancer potency factor: The lifetime cancer risk for each additional mg/kg body weight per day of
exposure

Potentially responsible party

Quality assurance

Quality assurance project plan: A plan that describes protocols necessary to achieve the data
quality objectives defined for an RI. (See SAP.)

Quality control

Routine analytical services

Resource Conservation and Recovery Act

Remedial design

The reference dose (RfD) is an estimate (with uncertainty spanning perhaps an order of magnitude)
of a daily exposure to the human population (including sensitive subgroups) that is likely to be
without appreciable risk of deleterious effects during a lifetime.

Remedial investigation/ feasibility study

Record of Decision: Documents selection of cost-effective Superfund-financed remedy.
Remedial Project Manager: The project manager for the lead Federal agency.

Sampling and analysis plan, consisting of a quality assurance project plan (QAPP) and a field
sampling plan (FSP).

Superfund Amendments and Reauthorization Act of 1986. (See CERCLA.)

Special analytical services

Safe Drinking Water Act

Site investigation

Superfund innovative technology evaluation

Standard operating procedures

Statement of Work

Superfund public health evaluation manual

Solid Waste Disposal Act
Technical assistance team

To be considered

Target compound list
Technical directive memorandum

Toxic Substances Control Act
Work plan revision request
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Chapter 1
Introduction

1.1 Purpose of the RI/FS

The remedial investigation and feasibility study (RI/FS)
process as outlined in this guidance represents the

methodology that the Superfund program has established

for characterizing the nature and extent of risks posed by

uncontrolled hazardous waste sites and for evaluating

potential remedial options. This approach should be

viewed as a dynamic, flexible process that can and
should be tailored to specific circumstances of individual

sites; it is not a rigid step-by-step approach that must be

conducted identically at every site. The project manager's

central responsibility is to determine how best to use the

flexibility built into the process to conduct an efficient and

effective RI/FS that achieves high quality results in a
timely and cost-effective manner. A significant challenge

project managers face in effectively managing an RI/FS is

the inherent uncertainties associated with the remediation

of uncontrolled hazardous waste sites. These
uncertainties can be numerous, ranging from potential

unknowns regarding site hydrogeology and the actual

extent of contamination, to the performance of treatment

and engineering controls being considered as part of the

remedial strategy. While these uncertainties foster a
natural desire to want to know more, this desire competes

with the Superfund program's mandate to perform

cleanups within designated schedules.

The objective of the RI/FS process is not the unobtainable
goal of removing all uncertainty, but rather to gather
information sufficient to support an informed risk
management decision regarding which remedy appears to
be most appropriate for a given site. The appropriate level
of analysis to meet this objective can only be reached
through constant strategic thinking and careful planning
concerning the essential data needed to reach a remedy
selection decision. As hypotheses are tested and either
rejected or confirmed, adjustments or choices as to the
appropriate course for further investigations and analyses
are required. These choices, like the remedy selection
itself, involve the balancing of a wide variety of factors and
the exercise of best professional judgment.
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1.2 Purpose of the Guidance

This guidance document is a revision of the U.S.
Environmental Protection Agency's (EPA) Guidance on
Remedial Investigations Under CERCLA (May 1985) and
Guidance on Feasibility Studies Under CERCLA (June
1985). These guidances have been consolidated into a
single document and revised to (1) reflect new emphasis
and provisions of the Superfund Amendments and
Reauthorization Act (SARA), (2) incorporate aspects of
new or revised guidance related to aspects of remedial
investigations and feasibility studies (RI/FSs), (3)
incorporate  management initiatives designed to
streamline the RI/FS process, and (4) reflect experience
gained from previous RI/FS projects.

The purpose of this guidance is to provide the user with an
overall understanding of the RI/FS process. Expected
users include EPA personnel, State agencies responsible
for coordinating or directing activities at National Priorities
List (NPL) sites, potentially responsible parties (PRPS),
Federal facility coordinators, and consultants or
companies contracted to assist in RI/FS-related activities
at NPL sites. This guidance describes the general
procedures for conducting an RI/FS.! Where specific
guidance is currently available elsewhere, the RI/FS
guidance will simply highlight the key points or concepts
as they relate to the RI/FS process and refer the user to
the other sources for additional details.

1.3 Overview of CERCLA Reauthorization
SARA was signed by the President on October 17, 1986,

to amend the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980

This guidance document does not typically address
differences in the general procedures (e.g., work plan
preparation, reporting requirements) between a
Fund-financed and PRP-conducted RI/FS, and the
flexibility discussed for certain activities may not pertain
to a PRP-conducted RI/FS. Therefore, when PRPs are
conducting an RI/FS, this guidance document must be
used in conjunction with the "Interim Guidance on PRP
Participation in the RI/FS Process" (see Appendix A).



(CERCLA). While SARA did not change the basic
structure of CERCLA, it did modify many of the existing
requirements and added new ones. References made to
CERCLA throughout this document should be interpreted
as meaning "CERCLA as amended by SARA."

Many of the now provisions under CERCLA having the
greatest impact on the RI/FS process are contained in
8121 (Cleanup Standards). Other notable changes that
also affect the RI/FS process are contained in §104
(Response Authorities, in particular Health-Related
Authorities), portions of §104 and §121 regarding State
involvement, 8117 (Public Participation), 8110 (Worker
Protection Standards), and 8113 (Civil Proceedings).
Highlights of these sections are summarized below.

1.3.1 Cleanup Standards

Section 121 (Cleanup Standards) states a strong
statutory preference for remedies that are highly reliable
and provide long-term protection. In addition to the
requirement for remedies to be both protective of human
health and the environment and costeffective, additional
remedy selection considerations in § 121 (b) include:

I A preference for remedial actions that employ
treatment that permanently and significantly reduces
the volume, toxicity, or mobility of hazardous
substances, pollutants, and contaminants as a
principal element

Offsite transport and disposal without treatment is the
least favored alternative where practicable treatment
technologies are available

The need to assess the use of permanent solutions
and alternative treatment technologies or resource
recovery technologies and use them to the maximum
extent practicable

Section 121(c) also requires a periodic review of remedial
actions, at least every 5 years after initiation of such
action, for as long as hazardous substances, pollutants,
or contaminants that may pose a threat to human health
or the environment remain at the site. If it is determined
during a 5-year review that the action no longer protects
human health and the environment, further remedial
actions will need to be considered.

1.3.1.1 Applicable or Relevant and Appropriate
Requirements

Section 121(d)(2)(A) of CERCLA incorporates into law the
CERCLA Compliance Policy, which specifies that
Superfund remedial actions meet any Federal standards,
requirements, criteria, or limitations that are determined
to be legally applicable or relevant
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and appropriate requirements (ARARS). Also included is
the new provision that State ARARs must be met if they
are more stringent than Federal requirements. Federal
statutes that are specifically cited in CERCLA include the
Solid Waste Disposal Act (SWDA), the Toxic Substances
Control Act (TSCA), the Safe Drinking Water Act
(SDWA), the Clean Air Act (CAA), the Clean Water Act
(CWA), and the Marine Protection Research and
Sanctuaries Act (MPRSA). Additional guidance on
ARARs is provided in the "CERCLA Compliance with
Other Statutes" manual (U.S. EPA, Draft, August 1988).

Section 121(d)(4) of CERCLA identifies six circumstances
under which ARARs may be waived:

1 The remedial action selected is only a part of a total
remedial action (interim remedy) and the final remedy
will attain the ARAR upon its completion.

Compliance with the ARAR will result in a greater risk
to human health and the environment than alternative
options.

Compliance with the ARAR is technically
impracticable from an engineering perspective.

An alternative remedial action will attain an equivalent
standard of performance through the use of another
method or approach.

The ARAR is a State requirement that the state has
not consistently applied (or demonstrated the intent
to apply consistently) in similar circumstances.

For 8104 Superfund-financed remedial actions,
compliance with the ARAR will not provide a balance
between protecting human health and the
environment and the availability of Superfund money
for response at other facilities.

1.3.1.2 Offsite Facilities

The new statutory requirements contained in §121(d)(3)
for acceptable offsite disposal facilities, in most respects,
incorporate previous Agency policy. Offsite disposal
facilities receiving contaminants must be in compliance
with Resource Conservation and Recovery Act (RCRA)
and other Federal and State laws. In addition, the unit
receiving the waste must have no releases to ground
water, surface water, or soil; other units that have had
releases at the facility must be under an approved
corrective action program.

1.3.2 Health Assessments

Under CERCLA 8104(i) (Health-Related Authorities), the
Agency for Toxic Substances and Disease



Registry (ATSDR) must conduct a health assessment for
every site proposed for inclusion on the NPL. The purpose
of these health assessments is to assist in determining
whether current or potential risk to human health exists at
a site and whether additional information on human
exposure and associated health risks is needed. The
health assessment is required to be completed “to the
maximum extent practicable" before completion of the
RI/FS.
1.3.3 State Involvement

Section 104(c)(3)(C) of CERCLA remains in effect
requiring a 10-percent State cost share for remedial
actions at privately operated sites and 50 percent at
publicly operated Sites.? Section 104(c)(3)(A) and
104(c)(6) of CERCLA provide that the operation and
maintenance of ground- and surface-water restoration
measures be considered part of remedial action for up to
10 years after commencement of operations or until
remedial action is complete, whichever is earlier.
Therefore, such activities during the 10-year period would
be eligible for either 50 or 90 percent Federal funding
depending on whether the site was publicly or privately
operated.

Section 121 (d)(2)(A) of CERCLA specifies that more
stringent State ARARs apply if they are identified in a
timely manner by the state. Section 121(f) requires EPA
to develop regulations for substantial and meaningful
State involvement in the remedial response process and
specifies certain minimum requirements.

1.3.4 Community Involvement

Section 117 of CERCLA (Public Participation)
emphasizes the importance of early, constant, and
responsive relations with communities affected by
Superfund sites and codifies, with some modifications,
current community relations activities applied at NPL
sites. Specifically, the law requires publication of a notice
of any proposed remedial action (proposed plan) in a local
newspaper of general circulation and a "reasonable
opportunity" for the public to comment on the proposed
plan and other contents of the administrative record,
particularly the Rl and the FS. In addition, the public is to
be afforded an opportunity for a public meeting. The
proposed plan should include a brief explanation of the
alternatives considered, which will usually be in the form
of a summary of the FS. Unlike the FS, however, the
proposed plan will also provide an explanation of the
preliminary preference for one of the options. Notice of the
final plan adopted and an explanation of any significant
changes from the proposed plan are also required.

2 Remedial planning activities for the RI/FS and remedial design
continue to be 100 percent federally funded.
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CERCLA also authorizes technical assistance grants for
local citizens' groups potentially affected by an NPL site.
The grants are to be used in obtaining assistance in
interpreting information on the nature of hazards posed by
the site, the results of the RI/FS, any removal actions, the
Record of Decision (ROD), and the remedial design and
remedial action.

1.3.5 Administrative Record

Section 113 of CERCLA requires that an administrative
record be established "at or near the facility at issue." The
record is to be compiled contemporaneously and must be
available to the public and include all information
considered or relied on in selecting the remedy, including
public comments on the proposed plan.

1.3.6 Worker Safety

Section 126(c) of CERCLA directed the Occupational
Safety and Health Administration (OSHA) to issue, within
60 days of the date of enactment of SARA, an interim
final rule that contains employee protection requirements
for workers engaged in hazardous waste operations.
OSHA's interim final rule (29 CFR 1910.120) was
published in the Federal Register on December 19, 1986,
with full implementation of this rule required by March 16,
1987. The worker safety rule will remain in effect until the
final standard is issued by OSHA and becomes effective.
1.3.7 Enforcement Authorities

Section 122(e) authorizes EPA to use "special notice"
procedures, which for an RI/FS, establishes a 60-day
moratorium period to provide time for formal negotiation
between EPA and the PRPs for conduct of the RI/FS
activities. This 60-day period may be extended to 90 days
if within the 60-day time period, the potentially
responsible parties (PRPs) provide EPA with a good faith
offer to conduct or finance the RI/FS.

SARA allows for administrative consent orders to be
signed using the authorities of Section 122(d)(3) as
pertaining to Section 104(b) without having to make a
finding of imminent and substantial endangerment.
Section 104(a)(1) outlines special requirements for a
PRP-lead RI/FS. These requirements include: making the
determination that a PRP is qualified to perform the
RI/FS; arranging for a third party to assist in oversight of
the RI/FS; and requiring that PRPs pay for third party
oversight.®

3 Specific guidance on PRP participation in the RI/FS process is
found in Appendix A. Detailed guidance on PRP oversight is
currently under preparation in the Office of Solid Waste and
Emergency Response (OSWER).



1.4 The R1/FS Process Under CERCLA

Although the new provisions of CERCLA have resulted in
some modifications to the RI/FS process, the basic
components of the process remain intact. The RI
continues to serve as the mechanism for collecting data
to characterize site conditions; determine the nature of
the waste; assess risk to human health and the
environment; and conduct treatability testing as
necessary to evaluate the potential performance and cost
of the treatment technologies that are being considered.
The latter also supports the design of selected remedies.
The FS continues to serve as the mechanism for the
development, screening, and detailed evaluation of
alternative remedial actions.

The various steps, or phases, of the RI/FS process and
how they have been modified to comply with the new
provisions in CERCLA are summarized below. It is
important to note that the Rl and FS are to be conducted
concurrently and that data collected in the RI influence
the development of remedial alternatives in the FS, which
in turn affects the data needs and scope of treatability
studies and additional field investigations. Two concepts
are essential to the phased RI/FS approach. First, data
should generally be collected in several stages, with initial
data collection efforts usually limited to developing a
general understanding of the site. As a basic
understanding of site characteristics is achieved,
subsequent data collection efforts focus on filling
identified gaps in the understanding of site characteristics
and gathering information necessary to evaluate remedial
alternatives. Second, this phased sampling approach
encourages identification of key data needs as early in
the process as possible to ensure that data collection is
always directed toward providing information relevant to
selection of a remedial action. In this way the overall site
characterization effort can be continually scoped to
minimize the collection of unnecessary data and
maximize data quality.

Because of the interactive and iterative nature of this
phase of the RI and FS process, the sequence of the
various phases and associated activities, as described
below and presented in Figure 1-1, will frequently be less
distinct in practice. A generic timeline intended to
illustrate the phasing of RI/FS activities is presented in
Figure 1-2. The actual timing of individual activities will
depend on specific site situations.

1.4.1 Scoping

Scoping is the initial planning phase of the RI/FS
process, and many of the planning steps begun here are
continued and refined in later phases of the RI/FS.
Scoping activities typically begin with the collection of
existing site data, including data from previous
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investigations such as the preliminary assessment and
site investigation. On the basis of this information, site
management planning is undertaken to preliminarily
identify boundaries of the study area, identify likely
remedial action objectives and whether interim actions
may be necessary or appropriate, and to establish
whether the site may best be remedied as one or several
separate operable units. Once an overall management
strategy is agreed upon, the RI/ FS for a specific project
or the site as a whole is planned. Typical scoping
activities include:

Initiating the identification and discussion of potential
ARARSs with the support agency

Determining the types of decisions to be made and
identifying the data and other information needed to
support those decisions

Assembling a "technical advisory committee" to
assist in these activities, to serve as a review board
for important deliverables, and to monitor progress, as
appropriate, during the study

Preparing the work plan, the sampling and analysis
plan (SAP) (which consists of the quality assurance
project plan (QAPP) and the field sampling plan
(FSP)), the health and safety plan, and the
community relations plan

Chapter 2 describes the various steps in the scoping
process and gives general information on work-planning
methods that have been effective in planning and
executing past RI/FSs.

1.4.2 Site Characterization

During site characterization, field sampling and laboratory
analyses are initiated. Field sampling should be phased*
so that the results of the initial sampling efforts can be
used to refine plans developed during scoping to better
focus subsequent sampling efforts. Data quality
objectives are revised as appropriate based on an
improved understanding of the site to facilitate a more
efficient and accurate characterization of the site and,
therefore, achieve reductions in time and cost.

A preliminary site characterization summary is prepared
to provide the lead agency with information on the site
early in the process before preparation of the full Rl report.
This summary will be useful in determining the feasibility
of potential technologies and in assisting both the lead
and support agencies with the initial identification of
ARARs. It can also be

4 Emphasis is placed on rapid turnaround of sampling results to
avoid the need to remobilize and reprocure contractors.
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Figure 1-1 Phased RI/FS Process
sent to ATSDR to assist them in performing their health
assessment of the site.

A baseline risk assessment is developed to identify the
existing or potential risks that may be posed to human
health and the environment by the site. This assessment
also serves to support the evaluation of the no-action
alternative by documenting the threats posed by the site
based on expected exposure scenarios. Because this
assessment identifies the primary health and
environmental threats at the site, it also provides valuable
input to the development and evaluation of alternatives
during the FS. Site characterization activities are
described in Chapter 3.

1.4.3 Development and Screening of Alternatives
The development of alternatives usually begins during or
soon after scoping, when likely response scenarios may
first be identified. The development of alternatives requires
(1) identifying remedial action objectives; (2) identifying
potential treatment, resource recovery, and containment
technologies that will satisfy these objectives; (3)
screening the
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technologies based on their effectiveness,
implementability, and cost; and (4) assembling
technologies and their associated containment or
disposal requirements into alternatives for the

contaminated media at the site or for the operable unit.
Alternatives can be developed to address contaminated
medium (e.g., ground water), a specific area of the site
(e.g., a waste lagoon or contaminated hot spots), or the
entire site. Alternatives for specific media and site areas
either can be carried through the FS process separately
or combined into comprehensive alternatives for the entire
site. The approach is flexible to allow alternatives to be
combined at various points in the process.

As practicable, a range of treatment alternatives should
be developed, varying primarily in the extent to which they
rely on long-term management of residuals and untreated
wastes. The upper bound of the range would be an
alternative that would eliminate, to the extent feasible, the
need for any long-term management (including monitoring)
at the site. The lower bound would consist of an
alternative that involves treatment as a principal element
(i.e., treatment is used to address the principal threats at
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the site), but some long-term management of portions of
the site that did not constitute "principal threats" would be
required. Between the upper and lower bounds of the
treatment range, alternatives varying in the type and
degrees of treatment and associated containment/
disposal requirements should be included as appropriate.
In addition, one or more containment option(s) involving
little or no treatment should be developed as appropriate,
and a no-action alternative should always be developed.

Once potential alternatives have been developed, it may
be necessary to screen out certain options to reduce the
number of alternatives that will be analyzed in detail in
order to minimize the resources dedicated to evaluating
options that are less promising. The necessity of this
screening effort will depend on the number of alternatives
initially developed, which will depend partially on the
complexity of the site and/ or the number of available,
suitable technologies. For situations in which it is
necessary to reduce the initial number of alternatives
before beginning the detailed analysis, a range of
alternatives should be preserved, as practicable, so that
the decisionmaker can be presented with a variety of
distinct, viable options from which to choose. The
screening process involves evaluating alternatives with
respect to their effectiveness, implementability, and cost.
It is usually done on a general basis and with limited effort
(relative to the detailed analysis) because the information
necessary to fully evaluate the alternatives may not be
complete at this point in the process. The development
and screening of alternatives is discussed in Chapter 4.

1.4.4 Treatability Investigations

Should existing site and/or treatment data be insufficient
to adequately evaluate alternatives, treatability tests may
be necessary to evaluate a particular technology on
specific site wastes. Generally, treatability tests involve
bench-scale testing to gather information to assess the
feasibility of a technology. In a few situations, a
pilot-scale study may be necessary to furnish
performance data and develop better cost estimates so
that a detailed analysis can be performed and a remedial
action can be selected. To conduct a pilot-scale test and
keep the RI/ FS on schedule, it will usually be necessary
to identify and initiate the test at an early point in the
process. Treatability investigations are described in
Chapter 5.

1.4.5 Detailed Analysis

Once sufficient data are available, alternatives are
evaluated in detail with respect to nine evaluation criteria
that the Agency has developed to address the statutory
requirements and preferences of CERCLA. The
alternatives are analyzed individually against each
criterion and then compared against one
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another to determine their respective strengths and
weaknesses and to identify the key tradeoffs that must be
balanced for that site. The results of the detailed analysis
are summarized and presented to the decisionmaker so
that an appropriate remedy consistent with CERCLA can
be selected. The detailed analysis of alternatives is
described in Chapter 6.

1.5 Special Sites

The use of treatment technologies and, therefore, the
development of a complete range of options, may not be
practicable at some sites with large volumes of low
concentration wastes (e.g., large municipal landfills or
mining sites). Remedies involving treatment at such sites
may be prohibitively expensive or difficult to implement.
Therefore, the range of alternatives initially developed may
be focused primarily on various containment options.
Although this guidance does not specifically state how alll
such sites should be addressed, factors are discussed
that can be used, as appropriate, to help guide the
development and evaluation of alternatives on a
case-by-case basis.

1.6 Community Relations

Community relations is a useful and important aspect of
the RI/FS process. Community relations activities serve
to keep communities informed of the activities at the site
and help the Agency anticipate and respond to
community concerns. A community relations plan is
developed for a site as the work plan for the RI/FS is
prepared. The community relations plan is based on
interviews with interested people in the community and
will provide the guidelines for future community relations
activities at the site. At a minimum, the plan must provide
for a site mailing list, a conveniently located place for
access to all public information about the site, an
opportunity for a public meeting when the RI/FS report
and proposed plan are issued, and a summary of public
comments on the RI/FS report and proposed plan and the
Agency's response to those comments.

The specific community relations requirements for each
phase of the RI/FS are integrated throughout this
guidance document since they are parallel to and support
the technical activities. Each chapter of this guidance has
a section discussing community relations requirements
appropriate to that specific phase of the RI/FS. Additional
program requirements are described in the draft of
Community Relations in Superfund: A Handbook (U.S.
EPA, Interim, June 1988).

1.7 Lead and Support Agency

Throughout this guidance the terms "lead agency" and
"support agency" are used to reflect the fact that



either EPA or a State or Federal facility can have the lead
responsibility for conducting an RI/FS. The support
agency plays a review and concurrence role and provides
specific information as necessary to the lead agency
(e.g., ARAR identification). The roles of the lead and
support agencies in each phase of the RI/FS process are
described at the end of each chapter.

1.8 Remedial Project Role and
Responsibilities

Manager

The Remedial Project Manager's (RPM's) role in
overseeing an RI/FS involves, to a large extent, ensuring
that the work progresses according to the priorities and
objectives established during site management and
project planning. This role requires planning project
scopes early and deriving cost estimates for the specific
tasks and activities described in the Statement of Work
(SOW).® It is the RPM's responsibility to develop realistic
cost

SOSWER is developing cost estimating guides and a reference
document for use by RMPs that will provide historical averages for

the cost of the varios RI/FS tasks.
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estimates, monitor and control contractor expenditures,
and manage changing site conditions within the allocated
budget. The RPM facilitates the interactions among EPA
staff, State representatives, contractor personnel, PRPs,
and the public to ensure that all involved parties are aware
of their roles and responsibilities. Throughout the following
chapters, and particularly in the discussions of scoping
(Chapter 2) and site characterization (Chapter '3),
suggestions are provided to guide the RPM in developing
approaches for conducting RI/FSs so that high-quality
deliverables are produced in a timely and cost-effective
manner. Additional suggestions specific to management
of RI/FSs may be found in the Superfund Federal-Lead
Remedial Project Management Handbook (U.S. EPA,
December 1986) and Superfund State-Lead Remedial
Project Management Handbook (U.S. EPA, December
1986). Oversight responsibilities for PRP-lead RI/FSs are
outlined in Appendix A of this guidance.
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Chapter 2
Scoping the RI/FS

2.1 Introduction

Scoping is the initial planning phase of site remediation
and is begun, at least informally, by the lead agency's
RPM as part of the funding allocation and planning
process. The lead and support agencies should meet and,
on the basis of available information, begin to (1) identify
the types of actions that may be required to address site
problems; (2) identify whether interim actions are
necessary or appropriate to mitigate potential threats,
prevent further environmental degradation, or rapidly
reduce risks significantly, and (3) identify the optimal
sequence of site actions and investigative activities.

Once the lead and support agencies initially agree on a
general approach for managing the site, the next step is
to scope the project(s) and develop specific project plans.
Project planning is done to:

1 Determine the types of decisions to be made

Identify the type and quality of data quality
objectives (DQOs) needed to support those
decisions

Describe the methods by which the required data
will be obtained and analyzed

Prepare project plans to document methods and
procedures

The activities described above relate directly to the
establishment of DQOs — statements that specify the
type and quality of the data needed to support decisions
regarding remedial response activities. The establishment
of DQOs is discussed in detail in Data Quality Objectives
for Remedial Response Activities (U.S. EPA, March
1987, hereafter referred to as the DQO Guidance).

The ability to adequately scope a specific project is
closely tied to the amount and quality of available
information. Therefore, it is important to note that the
scope of the project and, to some extent the specific
project plans, are developed iteratively (i.e., as new
information is acquired or new decisions are made, data
requirements are reevaluated and, if appropriate, project
plans are modified). In this way, scoping helps
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to focus activities and streamline the RI/FS, thereby
preventing needless expenditures and loss of time in
unnecessary sampling and analyses.

Figure 2-1 shows the key steps in the scoping process.!
2.2 Project Planning

Once a general site management approach has been
agreed upon, planning can begin for the scope of a
specific project. The specific activities conducted during
project planning include:?

L Meeting with lead agency, support agency, and
contractor personnel to discuss site issues and
assign responsibilities for RI/FS activities

Collecting and analyzing existing data to develop a
conceptual site model that can be used to assess
both the nature and the extent of contamination and
to identify potential exposure pathways and potential
human health and/or environmental receptors

Initiating limited field investigations if available data
are inadequate to develop a conceptual site model
and adequately scope the project

Identifying preliminary remedial action objectives and
likely response actions for the specific project

Preliminarily identifying the ARARs expected to
apply to site characterization and site remediation
activities

Determining data needs and the level of analytical
and sampling certainty required for additional data

L See Appendix A for a delineation of responsibilities between the
lead agency and the PRPs during the scoping process.

2 For a PRP-lead RI/FS the PRPs are typically responsible for

these activities except for conducting community interviews.
This responsibility rests with the lead agency. Specific activities
performed by the PRPs during scoping are determined during the
negotiation period and should be specified in the agreement
between the PRPs and the lead agency.
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if currently available data are inadequate to conduct the
FS

Identifying the need and the schedule for treatability
studies to better evaluate potential remedial
alternatives

Designing a data collection program to describe the
selection of the sampling approaches and analytical
options. (This selection is documented in the SAP,
which consists of the FSP and QAPP elements.)

Developing a work plan that documents the scoping
process and presents anticipated future tasks

Identifying and documenting health and safety
protocols required during field investigations and
preparing a site health and safety plan

Conducting community interviews to obtain
information that can be used to develop a site-
specific community relations plan that documents
the objectives and approaches of the community
relations program

2.2.1 Conduct Project Meeting

To begin project planning, a meeting should be held
involving key management from the lead and support
agencies. The purpose of this meeting is to allow key
personnel to become involved in initial planning decisions
and give them the opportunity to discuss any special
concerns that may be associated with the site.
Furthermore, this meeting should set a precedent for the
involvement of key personnel periodically throughout the
project. Additional attendees should include contractor
personnel who will be conducting the RI/FS and
performing the risk assessment, Natural Resource
Trustee representatives, when applicable, and individuals
with prior experience at the site [e.g., the field
investigation team (FIT)] or other similar sites who may be
able to provide additional insight into effective techniques
for addressing potential site problems.

2.2.2 Collect and Analyze Existing Data

Before the activities necessary to conduct an RI/FS can
be planned, it is important to compile the available data
that have previously been collected for a site. These data
can be used to determine the additional work that needs
to be conducted both in the field and within the
community. A thorough search of existing data should
help avoid duplication of previous efforts and lead to a
remedial investigation that is more focused and, therefore,
more efficient in its expenditure of resources. Information
describing hazardous waste sources, migration pathways,
and human and environmental receptors for a given site is
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available from many sources. Some of the more useful
sources are listed in Table 2-1. Site investigation (SI) datas
gathered in the hazard ranking process (the process by
which a site is listed on the NPL) may be located in files
maintained by the EPA Regional offices, the FIT, the
technical assistance team (TAT), contractors, and the
state.

Data relating to the varieties and quantities of hazardous
wastes disposed of at the site should be compiled. The
results from any previous sampling events should be
summarized in terms of physical and chemical
characteristics, contaminants identified, and their
respective concentrations. Results of environmental
sampling at the site should be summarized, and evidence
of soil, ground water, surface water, sediment, air, or
biotic contamination should be documented. if available,
information on the precision and accuracy of the data
should be included.

Records of disposal practices and operating procedures
at the site, including historical photographs, can be
reviewed to identify locations of waste materials onsite,
waste haulers, and waste generators. If specific waste
records are absent, waste products that may have been
disposed of at the site can be identified through a review
of the manufacturing processes of the waste generators.

A summary of existing site-specific and regional
information should be compiled to help identify surface,
subsurface, atmospheric, and biotic migration pathways.
Compiled information should include geology,
hydrogeology, hydrology, meteorology, and ecology.
Regional information can help to identify background soil,
water, and air quality characteristics. Data on human and
environmental receptors in the area surrounding the site
should be compiled. Demographic and land use
information will help identify potential human receptors.
Residential, municipal, or industrial wells should be
located, and surface water uses should be identified for
surrounding areas and areas downstream of the site.

Existing information describing the common flora and
fauna of the site and surrounding areas should be
collected. The location of any threatened, endangered, or
rare species, sensitive environmental areas, or critical
habitats on or near the site should be identified. Available
results from any previous biological testing should be
compiled to document

3 The expanded site investigation (ESI) conducted by the
preremedial program will provide valuable data (e.g.,
geophysics, surveys, well inventories) and should serve as an
important source of information during the scoping process for
establishing the hypotheses to be tested concerning the nature
and extent of contamination.



Table 2-1. Data Collection Information Sources

Hazardous
Waste
Sources

U.S. EPA Files X X X X X
U.S. Geological Survey X
U.S. DOA, Soil Conservation Service? X
U.S. DOA, Agricultural Stabilization and Conservation Service X
U.S. DOA, Forest Service

U.S. DOI, Fish and Wildlife Agencies X
U.S. DOI, Bureau of Reclamation X X X

U.S. Army Corps of Engineers X

Federal Emergency Management Agency® X

U.S. Census Bureaus X
National Oceanic and Atmospheric Administration X

State Environmental Protection or Public Health Agencies X X X X X

Migration Pathway
Subsurface Surface Air Receptors

Information Source

X X X X

State Geological Survey X X

State Fish and Wildlife Agencies

Local Planning Boards X X X
County or City Health Departments X X X X
Town Engineer or Town Hall
Local Chamber of Commerce X

Local Airport X
Local Library

Local Well Drillers

Sewage Treatment Plants X
Local Water Authorities

City Fire Departments X
Regional Geologic and Hydrologic Publications
Court Records of Legal Action

Department of Justice Files

State Attorney General Files

Facility Records

Facility Owners and Employees®

Citizens Residing Near Site

Waste Haulers and Generators®

x
X X X X X

X X X X X X
>

Site Visit Reports

Photographs

Preliminary Assessment Report

Field Investigation Analytical Data

FIT/TAT Reports

Site Inspection Report

HRS Scoring Package

EMSL/EPIC (Environmental Monitoring Support Laboratory/
Environmental Photographic Information Center)

X X X X X X X X X X X X X X

X X X X X
X X X X X X X
X X X X X

x

x
x
x

2 Includes county soil survey reports from Soil Conservation Service, U.S. DOA.
> The Federal Emergency Management Agency publishes floodplain maps.
¢ Interviews require lead agency concurrence.
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any known ecological effect such as acute or chronic
toxicity or bioaccumulation in the food chain.

Once the available data have been collected, they are
analyzed to (1) establish the physical characteristics of
a site to help determine the scope of future sampling
efforts; and (2) conceptually model potential exposure
pathways and receptors to assist in the preliminary
assessment of risk and the initial identification of potential
remedial technologies. Each of these uses is discussed
below.

2.2.2.1 Establish Physical Characteristics of the Site

The analysis of existing data serves to provide a better
understanding of the nature and extent of contamination
and aids in the design of remedial investigation tasks. If
quality assurance information on existing sampling data
is available, it should be reviewed to assess the level of
uncertainty associated with the data. This is important to
establish whether sampling will be needed to verify or
simply supplement existing data. Important factors to
consider when reviewing existing data are the
comparability of the data (e.g., time of sampling), the
analytical methods, the detection limits, the analytical
laboratories, and the sample collection and handling
methods.*

Existing data should be used to develop a site
description, which should include location, ownership,
topography, geology, land use, waste type, estimates of
waste volume, and other pertinent details. The site
description should also include a chronology of significant
events such as chemical storage and disposal practices,
previous site visits, sampling events, regulatory violations,
legal actions, and changes in ownership. In addition,
information concerning previous cleanup actions, such as
removal of containerized waste, is often valuable for
determining the characteristics of any wastes or
contaminated media remaining at the site. All sources of
information or data should be summarized in a technical
memorandum or retained for inclusion in the RI report.

2.2.2.2 Develop a Conceptual Site Model

Information on the waste sources, pathways, and
receptors at a site is used to develop a conceptual
understanding of the site to evaluate potential risks to
human health and the environment. The conceptual site
model should include known and suspected sources of
contamination, types of contaminants and affected media,

“Regardless of the origin and quality of existing data, they typically
are useful in constructing hypotheses concerning the nature and
extent of contamination.
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known and potential routes of migration, and known or
potential human and environmental receptors. This effort,
in addition to assisting in identifying locations where
sampling is necessary, will also assist in the
identification of potential remedial technologies. Additional
information for evaluating exposure concerns through the
use of a conceptual model is provided in the DQO
Guidance. An example of a conceptual model is provided
in Figure 2-2.

2.2.2.3 Determine the Need for and Implement
Limited Additional Studies

If the conceptual understanding of a site is poor and the
collection of site-specific data would greatly enhance the
scoping effort, a limited field investigation may be
undertaken as an interim scoping task prior to developing
the work plan.® Normally, the investigation is limited to
easily obtainable data, where results can be achieved in
a short time. Examples of tasks are as follows:

1 Preliminary geophysical investigations

1 Residential, industrial, and agricultural well sampling

and analysis

Measurement of well-water level, sampling (only for
pre-existing monitoring wells), and analysis

Limited sampling to determine the need for waste
treatability studies

Air monitoring

Site mapping

Preliminary ecological reconnaissance

2.2.3 Develop Preliminary Remedial Action

Alternatives

Once the existing site information has been analyzed and
a conceptual understanding of the site is obtained,
potential remedial action objectives should be identified
for each contaminated medium (Chapter 4 presents
examples of remedial action objectives) and a preliminary
range of remedial action alternatives and associated
technologies should be identified. This identification is not
meant to be a detailed investigation of alternatives.
Rather, it is intended to be a more general classification
of potential remedial actions based upon the initially
identified potential routes of exposure and associated
receptors. The identification of potential technologies at
this stage will help ensure that data needed to evaluate
them (e.g.,

5 The specific procedures for initiating limited field investigation will
be dependent on the lead agency's administrative and contractual
requirements.
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Btu value of wastes to evaluate thermal destruction
capabilities) can be collected as early as possible. In
addition, the early identification of technologies will allow
earlier determinations as to the need for treatability
studies.

Technologies that may be appropriate for treating or
disposing of wastes should be identified along with
sources of literature on the technologies' effectiveness,
applications, and cost. Further assistance in the
investigation of technologies is provided in the Technology
Screening Guide for Treatment of CERCLA Soils and
Sludges (U.S. EPA, September 1988). Innovative
technologies and resource recovery options should be
included if they appear feasible.

To the extent practicable, a preliminary list of broadly
defined alternatives should be developed that reflects the
goal of presenting a range of distinct, viable options to the
decision-maker. This list would therefore include as
appropriate a range of alternatives in which treatment that
significantly reduces the toxicity, mobility, or volume of
waste is a principal element; one or more alternatives that
involve containment with little or no treatment; and a
no-action alternative. The list should be limited to only
those alternatives that are relevant and carry some
significant potential for being implemented at the site. In
this way, the preliminary identification of remedial actions
will allow an initial identification of ARARs and will help
focus subsequent data-gathering efforts.

Involvement of the various agencies at this time will help
in identifying remedial alternatives and scoping field
activities. The development of alternatives is described in
more detail in Chapter 4 of this document.

224 Evaluate the Need for Treatability Studies

If remedial actions involving treatment have been identified
for a site, then the need for treatability studies should be
evaluated as early as possible in the RI/FS process. This
is because many treatability studies, especially pilot
testing, may take several months or longer to complete.
If a lengthy study is required and is not initiated early,
completion of the FS may be delayed.

The initial activities of treatability testing include
researching other potentially applicable data, designing
the study, and procuring vendors and equipment. As
appropriate, these activities should occur concurrently
with site characterization efforts so that if it is determined
that a potential technology is not feasible, planned
treatability activities for this technology can be
terminated. Chapter 5 provides guidance on scoping
treatability studies.

225 Begin Preliminary Identification of ARARs
and To Be Considered (TBC) Information
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A preliminary identification of potential ARARs and TBC
information in the scoping phase can assist in initially
identifying remedial alternatives and is useful for initiating
communications with the support agency to facilitate the
identification of ARARs. Furthermore, early identification
of potential ARARs will allow better planning of field
activities.® Because of the iterative nature of the RI/FS
process, ARAR identification continues throughout the
RI/FS as a better understanding is gained of site
conditions, site contaminants, and remedial action
alternatives.

ARARs may be categorized as chemical-specific
requirements that may define acceptable exposure levels
and therefore be used in establishing preliminary
remediation goals; as location-specific requirements that
may set restrictions on activities within specific locations
such as floodplains or wetlands; and as action-specific,
which may set controls or restrictions for particular
treatment and disposal activities related to the
management of hazardous wastes. The document,
"CERCLA Compliance with Other Laws Manual" (U.S.
EPA, Draft, May 1988), contains detailed information on
identifying and complying with ARARs.

Potential chemical- and location-specific ARARs are
identified on the basis of the compilation and evaluation of
existing site data. A preliminary evaluation of potential
action-specific ARARs may also be made to assess the
feasibility of remedial technologies being considered at
this time. In addition to federal ARARs, more stringent
state ARARs must also be identified. Other federal and
state criteria, advisories, and guidance and local
ordinances should also be considered, as appropriate, in
the development of remedial action alternatives.

For documentation purposes, a list should be maintained
of potential ARARS as they are identified for a site. As the
RI/FS progresses, each ARAR will need to be defined.
The assistance of the appropriate support agency should
be sought in identifying support agency ARARs and

confirming their applicability or relevance and
appropriateness.
2.2.6 Identify Data Needs

The identification of data needs is the most important part
of the scoping process. Data needs are identified by
evaluating the existing data and determining what
additional data are necessary to characterize the site,
develop a better conceptual understanding of the site,

% In addition, compliance with certain environmental statutes (e.qg.,
the National Historic Preservation Act) is simplified by early
consultation with the responsible Federal agency.



better define the ARARSs, narrow the range of remedial
alternatives that have been identified, and support
enforcement activities.

The need for additional site data is evaluated relative to
meeting the site-specific RI/FS objectives. In general, the
RI/FS must obtain data to define source areas of
contamination, the potential pathways of migration, and
the potential receptors and associated exposure
pathways to the extent necessary to:

1 Determine whether, or to what extent, a threat to
human health or the environment exists

Develop and evaluate remedial alternatives (including
the no-action alternative)

Support future enforcement or

activities

cost-recovery

If additional data are needed, the intended uses of the
data are identified, strategies for sampling and analyses
are developed, DQOs are established, and priorities are
assigned according to the importance of the data in
meeting the objectives of the RI/FS.

The possible uses of the data include the following:

! Monitoring during implementation

Health and safety planning

Site characterization

Risk assessment

Evaluating alternatives

1 Determining the PRP
1 Engineering the design of alternatives

A more complete description of the data uses and their
appropriate analytical levels (Figure 2-3) can be found in
the DQO Guidance.

Setting priorities for data use helps to determine the
highest level of confidence required for each type of data.
For example, additional data on soil contamination may
be necessary for all the uses listed above but may be of
highest priority for risk assessment and evaluation
alternatives. Within these two use categories, the
evaluation of alternatives may require a much greater level
of confidence in the contaminant types and
concentrations on site so that cost estimates for
treatment can be prepared to meet or approach the goal
of a +50 percent/-30 percent accuracy level. As a result,
data needs specifying the level of allowable uncertainty
would be set for the evaluation of alternatives use
category and would therefore provide an acceptable level
of confidence for the remaining data uses.

Sensitivity analyses may be useful in evaluating the
acceptable level of uncertainty in data. Critical parameters
in any of the use categories can be varied over a probable
range of values that were identified in the conceptual site
model and that determine the effect on meeting the RI/FS
objectives. For example, preliminary treatment costs for
contaminated soil can be calculated for various
contaminant types and volumes. The sensitivity that
contaminant volume and type has on treatment cost can
be assessed so that sufficient site characterization data
are collected to allow costing of treatment alternatives
during the FS using a goal of +50 percent/-30 percent
cost accuracy.

In the development of data requirements, time and
resource constraints must be balanced with the desired
confidence level of the data. The turnaround time
necessary for certain analytical procedures may, in some
cases, preclude achieving the original level of confidence
desired.

Likewise, resource constraints such as the availability of
a laboratory, sampling and analysis equipment, and
personnel may also influence the determination of data
requirements. Because of the high cost of sampling and
analysis for contaminants on the hazardous substances
list, data acquisition should be focused only on the data
quality and quantity necessary and sufficient to meet the
RI/FS objectives. It is also important to do any necessary
logistical planning once data needs are identified. For
example, if it will be necessary to acquire aerial
photographs to adequately evaluate a site, it should be
noted early in the process so that the acquisition can
begin early.

2.2.7 Design a Data Collection Program

Once the level of confidence required for the data is
established, strategies for sampling and analysis can be
developed. The identification of sampling requirements
involves specifying the sampling design; the sampling
method; sample numbers, types, and locations; and the
level of sampling quality control. Data may be collected in
multiple sampling efforts to use resources efficiently, and
the level of accuracy may increase as the focus of
sampling is narrowed. The determination of analytical
requirements involves specifying the most cost-effective
analytical method that, together with the sampling
methods, will meet the overall data needs for the RI/FS.
Data quality requirements specified for sampling and
analysis include precision, accuracy, representativeness,
completeness, and comparability.

A description of the methods to be used in analyzing data
obtained during the RI should be included in a SAP. The
level of detail possible in defining the data evaluation
tasks will depend on the quality of the site conceptual
model. If the site is well understood, data evaluation
techniques should be specified and
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DATA USES ANALYTICAL LEVEL TYPE OF ANALYSIS

Site Characterization
Monitoring During
Implementation

LEVEL | Instruments

Total Organic/lnorganic Vapor
Detection Using Portable

Field Test Kits

Site Characterization
Evaluation of Alternatives

Variety of Organics by GC;
Inorganics by AA; XRF

PRP Determination

Engineering Design LEVEL Il 1 Tentative ID; Analyte-Specific
Monitoring During
Implementation 1 Detection Limits Vary from Low
ppm to Low ppb
Risk Assessment
PRP Determination 1 Organics/Inorganics Using EPA
Site Characterization Procedures other than CLP can be
Evaluation of Alternatives LEVEL Il Analyte-Specific
Engineering Design
Monitoring During 1 RCRA Characteristic Tests
Implementation
Risk Assessment I HSL Organics/Inorganics by
PRP Determination LEVEL IV GC/IMS; AA; ICP
Evaluation of Alternatives
Engineering Design I Low ppb Detection Limit
1 Non-Conventional Parameters
. 1 Method-Specific Detection Limits
Risk Assessment LEVEL V

Modification of Existing Methods

Appendix 8 Parameters

Figure 2-3.  Summary of analytical levels appropriate to data uses.

described. This information is especially important if
numerical modeling is anticipated. If little existing
information is available, the task descriptions may be very
general, since it may not be clear which data evaluation
techniques will be appropriate. If information is lacking,
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descriptions of potential evaluation techniques could be

included, and in addition to describing site
characterization techniques, methods to be used in the
risk assessment also should be described.



2.2.8 Develop a Work Plan

Tasks to be conducted during the RI/FS should be
identified and documented in a work plan. Although this
work plan will constitute the planning through the
completion of the RI/FS, the level of detail with which
specific tasks can be described during scoping will
depend on the amount and quality of existing data.
Therefore, in situations in which additional data are
needed to adequately scope the development and
evaluation of alternatives, emphasis should be placed on
limiting the level of detail used to describe these
subsequent tasks and simply noting that the scope of
these activities will be refined later in the process. This
will reduce the time needed to prepare and review the
initial work plan. As the RI/FS process progresses and a
better understanding of the site is gained, these task
descriptions can be refined. The preliminary descriptions
of tasks needed to complete the RI/FS should be
documented in the work plan and can be used as a basis
for scheduling and estimating the RI/FS budget.

2.2.9 Identify Health and Safety Protocols
Protecting the health and safety of the investigative team
and the general public is a major concern during remedial
response actions. Workers may be exposed to a variety
of hazards including toxic chemicals, biological agents,
radioactive materials, heat or other physical stresses,
equipment-related accidents, and fires or explosions. The
surrounding community may be at increased risk from
unanticipated chemical releases, fires, or explosions
created by onsite activities. In recognition of these
concerns, OSHA has published regulations that stress
the importance both of an underlying health and safety
program and of site-specific safety planning. The following
is a list of documents that contain regulations pertaining
to workers at hazardous waste sites:

I American National Standards, Practices for
Respiratory Protection (American National Standards
Institute, 1980)

Guidance Manual for Superfund Activities, Volumes
1-9 (National Institute for Occupational Safety and
Health, 1985)

Occupational Health Guidelines for Chemical Hazards
(National Institute for Occupational Safety and Health,
1981)

Safety Manual for Hazardous Waste Site

Investigations (U. S. EPA, 1979)

Interim Standard Operating Safety Guides (U.S. EPA,
1982)
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Occupational Safety and Health Guidance Manual for
Hazardous Waste Site Activities
(NIOSH/OSHA/USCC/USEPA, 1985)

NIOSH/OSHA Pocket Guide to Chemical Hazards
(National Institute for Occupational Safety and Health,
1978)

National Fire Codes (National Fire Protection

Association, 1981)
2.2.10 Conduct Community Interviews

The community relations staff members, which can be
either lead agency or contractor personnel and technical
staff, should work together during the scoping process so
that there is sufficient information to conduct community
interviews. Community relations staff members then meet
with the identified groups or individuals to gain an
understanding of the site's history and the community's
involvement with the site from the community's
perspective. The lead agency will determine on a
site-specific basis the type and number of interviews that
need to be conducted to obtain sufficient information to
develop an effective community relations plan. The results
of the interviews should be made available to all technical
staff members to assist in identifying potential waste
types and disposal practices, potential pathways of
contamination, and potential receptors. On the basis of an
understanding of the issues and concerns of the
community, the community relations history, and the
citizens' indicated preferences for how they would like to
be informed concerning site activities, the community
relations plan is prepared. Plans should provide
opportunities for public input throughout the remedial
planning process as appropriate.

2.3 Deliverables and Communication

There are several points during the scoping process when
communication is required between the lead agency and
its contractor and/or the support agency (see Table 2-2).
It is especially important that discussion and information
exchange occur if interim actions or limited field
investigations are considered necessary. For all RI/FSs,
it is desirable for the lead and support agencies and their
contractors to review existing data and to agree on the
major tasks to be conducted at a site. Specific guidance
for the timing and nature of communications between the
lead and support agencies is provided in the "Superfund
Memorandum of Agreement Guidance" (in preparation).

Deliverables required for all RI/FSs in which field
investigations are planned consist of a work plan, an
SAP, a health and safety plan (HSP), and a community
relations plan (CRP). Although these plans usually are
submitted together, each plan may be delivered
separately. Each of these plans is described below.



2.3.1 Work Plan

2.3.1.1 Purpose

The work plan documents the decision and evaluation
made during the scoping process and presents
anticipated future tasks. It also serves as a valuable tool
for assigning responsibilities and setting the project's
schedule and cost. Information on planning work for lead
agency staff may be found in the Superfund Federal-Lead
Remedial Project Management Handbook (U.S. EPA,
December 1986); and the Superfund State-Lead Remedial
Project Management Handbook (U.S. EPA, December
1986). The primary user of the RI/FS work plan is the lead
agency for the site (usually either the EPA Region or the
appropriate federal or state agency) and the project team
that will execute the work. Secondary users of the work
plan include other groups or agencies serving in a review
capacity, such as EPA Headquarters and local
government agencies. The work plan is usually made
available for public comment (often in conjunction with a
public meeting) and is placed in the Administrative
Record.

2.3.1.2 Preparation
The work plan presents the initial evaluation of existing

data and background information performed during the
scoping process, including the following:

1 Ananalysis and summary of the site background and
the physical setting

An analysis and summary of previous responses

Presentation of the conceptual site model, including
an analysis and summary of the nature and extent of
contamination; preliminary assessment of human
health and environmental impacts; and the additional
data needed to conduct the baseline risk assessment

Preliminary identification of general response actions
and alternatives and the data needed for the
evaluation of alternatives

The work plan also defines the scope and objectives of
RI/FS activities to the extent possible. The scope of the
Rl site characterization should be documented in the work
plan, with detailed descriptions provided in the SAP. Later
tasks will usually be scoped in less detail, pending the
acquisition of more complete data about the site.

The initial work plan is prepared prior to the RI site
characterization.” Because the RI/FS process is dynamic

7 In enforcement cases, PRPs are typically responsible for the
development of the work plan (See Appendix A).
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and iterative, the work plan or supplemental plans, such
as the QAPP and the FSP, can be modified during the
RI/FS process to incorporate new information and refined
project objectives. The work plan should be revised, if
necessary, before (1) additional iterations of site
characterization activities, and (2) treatability
investigations. On federal-lead sites, a work plan revision
request (WPRR) is submitted for approval of any
significant changes to the budget schedule, or scope.
EPA has found technical directive memorandums (TDMSs)
to be useful for decreasing administrative time when the
proposed work plan changes do not affect the total budget
or schedule.
2.3.1.3 Work Plan Elements

Five elements (Introduction, Site Background and
Physical Setting, Initial Evaluation, Work Plan Rationale,
and RI/FS Tasks) typically are included in a work plan.
These elements are described in Appendix B.

Among the elements to be included is the specification of
RI/FS tasks. For federal-lead sites, 14 standard tasks
have been defined to provide consistent reporting and
allow more effective monitoring of RI/FS projects. Figure
2-4 shows these tasks and their relationship to the
phases of an RI/FS, and detailed task definitions are
included in Appendix B. Although RI/FSs that are not
federal-lead projects are not required to use these
standard tasks, their use provides a valuable project
management tool that allows for compilation of historical
cost and schedule data to help estimate these tasks
during project planning and management.

Project Management Considerations. Project
management considerations may be specified in the work
plan to define relationships and responsibilities for
selected task and project management items. This
specification is particularly useful when the lead agency
iS using extensive contractor assistance. The following
project management considerations may be discussed in
the work plan:

1 Identification of staff (the lead agency's RPM, the
PRP's project manager, the contractor, the
contractor's site manager, and other team members)

Coordination among the lead agency, the support
agency, the PRPs and the contractors performing the
work

Coordination with other agencies (Typically, the lead
agency's RPM is the focus for the coordination of all
other agency and private participation in site activities
and decisions.)



Table 2-2.

Information Needed

Communication and Deliverables During Scoping

Purpose

Potential Methods
of Information Exchange

Interim actions (if necessary)

For lead agency and contractor to identify actions that will
abate immediate threat to public health or prevent further
degradation of the environment; to obtain concurrence of

Meeting
Tech Memo
Other

support agency

Limited field investigations (if necessary)

support agency

Summary of existing data; field studies
conducted prior to FS; identification of
preliminary remedial action alternatives

concurrence

Documentation of quality assurance (QA)
and field sampling procedures
comment

Documentation of health and safety
procedures

Documentation of all RI/FS tasks

For lead agency and contractor to improve focus of RI
and reduce time and cost to obtain concurrence of

For lead agency and contractor to confirm need for field
studies; for lead agency and contractor to plan data
collection; to obtain support agency review and

For contractor to obtain lead agency review and approval;
for lead agency to obtain support agency review and

For contractor to obtain lead agency agreement that
OSHA safety requirements are met

For contractor to obtain lead agency review and approval;

Meeting
Tech Memo
Other

Meeting
Tech Memo
Other

SAP (FSP, QAPP)

Health and safety plan

Work plan

for lead agency to obtain support agency concurrence

Coordination of subcontractors, if any, and
description of health and safety requirements and
responsibilities

Interface for federal-lead projects with the Contract
Laboratory Program (CLP), if needed, to minimize
sampling requirements by use of field screening, to
schedule analyses well ahead of sampling trips, and
to accurately complete CLP paperwork

Cost control (including a description of procedures for
contractors to report expenditures)

Schedule control (including a description of schedule
tracking methods and procedures for contractors to
report activities to the lead agency)

Identification of potential problems so that the RPM
and site manager can develop contingency plans for
resolution of problems during the RI/FS

Evidentiary considerations, if needed, to ensure that
project staff members are trained with regard to
requirements for admissibility of the work in court

Cost and Key Assumptions. For federal-lead sites, the
RI/FS work plan includes a detailed summary of projected
labor and expense costs,s broken down by the 14 tasks
listed in Figure 2-3 and described in Appendix B, and a

8 The estimated RI/FS costs prepared by the RPM during the scoping
process will form the basis for evaluating costs proposed by the
contractor in the work plan and should help facilitate the control of
project costs as the RI/FS proceeds. Cost estimates may not be
required for State- and PRP-lead RI/FSs.

description of the key assumptions required to make such
a cost estimate. During scoping, more detailed costs
typically are provided for the RI site characterization tasks
than for later phases of the RI/FS. The less-detailed costs
may be refined as field investigations progress and the
nature and extent of site contamination is more fully
understood.

RI/FS costs vary greatly among sites and are influenced
by the following:

1 The adequacy of existing data

The size and complexity of the site

The level of personnel protection required for onsite
workers

The number and depth of wells required and the types
of subsurface conditions where wells will be installed

The number and types of media sampled

The number of samples required for each medium

The need for support of enforcement activities

The need for bench- or pilot-scale tests

Schedule. The anticipated schedule for the RI/FS is
formulated on the basis of the scope of the project,
including the identification of key activities and deliverable
dates. As with cost, the scheduling of tasks varies among
sites.

2-14
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STANDARD TASKS
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1 Project Planning 11  Feasibility Study
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3  Field Investigation 12 Post RI/FS Support
4  Sample Analysis/ 13  Enforcement Support *

Validation 14  Miscellaneous
5 Data Evaluation Support *
6  Risk Assessment
7  Treatability Study/ *  Tasks that can

Pilot Testing occur in any Phase
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Reports
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tives Development/

Screening
10 Detailed Analysis of

Alternatives

Figure 2-4. Relationship of RI/FS Tasks to Phased RI/FS Approach.
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2.3.1.4 Report Format

The work plan should include the elements described in
Appendix B. Table 2-3 provides a suggested format.

Table 2-3. Suggested RI/FS Work Plan Format

Executive Summary

1.2 Introduction
Site Background and Setting

3. Initial Evaluation
. Types and volumes of waste present

. Potential pathways of contaminant
migration/preliminary public health and environmental
impacts

. Preliminary identification of operable units

. Preliminary identification of response objectives and
remedial action alternatives

4. Work Plan Rationale

. DQO needs

. Work plan approach
RI/FS Tasks

Costs and Key Assumptions
Schedule

Project Management

. Staffing

. Coordination

© N o

9. References
Appendices

2.3.2 Sampling and Analysis Plan (SAP)

2.3.2.1 Purpose

The SAP consists of two parts: (1) a quality assurance
project plan (QAPP) that describes the policy,
organization, functional activities, and quality assurance
and quality control protocols necessary to achieve DQOs
dictated by the intended use of the data; and (2) the field
sampling plan (FSP) that provides guidance for all
fieldwork by defining in detail the sampling and
data-gathering methods to be used on a project. The FSP
should be written so that afield sampling team unfamiliar
with the site would be able to gather the samples and field
information required. Guidance for the selection and
definition of field methods, sampling procedures, and
custody can be acquired from the Compendium of
Superfund Field Operations Methods, which is a
compilation of demonstrated field techniques that have
been used during remedial response activities at
hazardous waste sites (U.S. EPA, September 1987,
hereafter referred to as the Compendium). To the extent
possible, procedures from this Compendium should be
incorporated by reference. In addition, the FSP and QAPP
should be submitted as a single document (although they
may be bound separately to facilitate use of the FSP in
the field). These efforts will streamline preparation of the
document and reduce the time required for review.
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The purpose of the SAP is to ensure that sampling data
collection activities will be comparable to and compatible
with previous data collection activities performed at the
site while providing a mechanism for planning and
approving field activities. The plan also serves as a basis
for estimating costs of field efforts for inclusion in the work
plan.

2.3.2.2 Plan Preparation and Responsibilities

Timing. A SAP is prepared for all field activities. Initial
preparation takes place before any field activities begin,
but the SAP may be amended or revised several times
during the RI site characterization, treatability
investigations, or during the FS as the need for field
activities is reassessed and rescoped.

Preparation and Review. EPA, the states, PRPs, or the
contractors conducting the work should prepare SAPs for
all field activities performed. The lead agency's project
officer must approve the SAP. Signatures on the title page
of the plan usually show completion of reviews and
approvals. Environmental sampling should not be initiated
until the SAP has received the necessary approvals.® A
suggested format for a SAP is listed in Table 2-4.

2.3.2.3 Field Sampling Plan Elements

The FSP consists of the six elements contained in Table
2-4. These elements are described more fully in Appendix
B.

2.3.2.4 Quality Assurance Project Plan Elements

The QAPP should contain 14 elements. These elements
are listed in Table 2-4 and described in Appendix B. The
required information for each of the elements of a QAPP
need not be generated each time a QAPP is prepared.
Only those aspects of a QAPP that are specific to the
site being investigated need to be explicitly described. If
site-specific information is already contained in another
document (e.g., the FSP) it need only be referenced.
Similarly, any information contained in guidance
documents such as the DQO Guidance should only be
referenced and not repeated in the QAPP.

2.3.3 Health and Safety Plan
2.3.3.1 Purpose
Each remedial response plan will vary as to degree of

planning, special training, supervision, and protective
equipment needed. The health and safety plan

Approval to conduct limited sampling (see Section 2.2.2.3) may be
given as part of the interim authorization to prepare the work
plans.



Table 2-4. Suggested Format for SAP (FSP and QAPP)

FSP

Site Background

Sampling Objectives

Sample Location and Frequency
Sample Designation

Sampling Equipment and Procedures
Sample Handling and Analysis

o0 kwNPR

QAPP

Title Page
Table of Contents

Project Description

Project Organization and Responsibilities
QA Objectives for Measurement
Sampling Procedures

Sample Custody

Calibration Procedures

Analytical Procedures

Data Reduction, Validation, and Reporting
Internal Quality Control

Performance and Systems Audits

©eNoOr~ONPE

B
= o

Preventative Maintenance
Data Assessment Procedures
Corrective Actions

Quality Assurance Reports

B e
>w b

prepared to support the field effort must conform to the
firm's or agency's health and safety program which must
be in compliance with OSHA.

The site health and safety plan should be prepared
concurrently with the SAP to identify potential problems
early, such as the availability of adequately trained
personnel and equipment. OSHA requires that the plan
include maps and a detailed site description, results of
previous sampling activities, and field reports. The plan
preparer should review site information, along with
proposed activities, and use professional judgment to
identify potentially hazardous operations and exposures
and prescribe appropriate protective measures. Appendix
B of the Occupational Safety and Health Guidance
Manual for Hazardous Waste Site Activities
(NIOSH/OSHA/USCG/USEPA,
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1985) provides an example of a generic format for a site
health and safety plan that could be tailored to the needs
of a specific employer or site.

2.3.3.2 Elements of the Health and Safety Plan

Each site health and safety plan should include, at a
minimum, the 11 elements described in Appendix B of
this guidance. The specific information required in a site
health and safety plan is listed in 29 CFR 1910.120.

2.3.3.3 Site Briefings and Inspections

The OSHA regulation requires that safety briefings be held
"prior to initiating any site activity and at such other times
as necessary to ensure that employees are apprised of
the site safety plan and that it is being followed."

The final component of site health and safety planning or
informational programs is site auditing to evaluate
compliance with and effectiveness of the site health and
safety plan. The site health and safety officer or that
person'’s designee should carry out the inspections.

2.3.4 Community Relations Plan

2.3.4.1 Purpose

The CRP documents the community relations history and
the issues of community concern. It should describe the
techniques that will be needed to achieve the objectives
of the program. The plan is used by community relations
staff, but it should also be used by federal and state
agency technical staff members when planning technical
work at the site.

2.3.4.2 Community Relations Plan Elements

Report preparation methods, the elements contained in a
CRP, and a recommended format are included in
Community Relations in Superfund: A Handbook (U.S.
EPA, Interim, June 1988). This handbook also includes
useful examples of community relations plans.
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Chapter 3
Site Characterization

3.1 Introduction

During site characterization, the sampling and analysis
plan (SAP), developed during project planning, is
implemented and field data are collected and analyzed to
determine to what extent a site poses a threat to human
health or the environment. The major components of site
characterization are presented in Figure 3-1 and include:

I Conducting field investigations as appropriate

Analyzing field samples in the laboratory

Evaluating results of data analysis to characterize the
site and develop a baseline risk assessment

Determining if data are sufficient for developing and
evaluating potential remedial alternatives

Because information on a site can be limited prior to
conducting an RI, it may be desirable to conduct two or
more iterative field investigations so that sampling efforts
can be better focused. Therefore, rescoping may occur at
several points in the RI/FS process. During site
characterization, rescoping and additional sampling may
occur if the results of field screening or laboratory
analyses show that site conditions are significantly
different than originally believed. In addition, once the
analytical results of samples have been received (either
from a laboratory or a mobile lab) and the data evaluated,
it must be decided whether further sampling is needed to
assess site risks and support the evaluation of potential
remedial alternatives in the FS. At this time, it is usually
apparent whether the data needs identified during project
planning were adequate and whether those needs were
satisfied by the first round of field sampling. As discussed
in Chapter 4, there are also points during the FS when the
need for additional field studies may be identified. These
additional studies, if needed, can be conducted during
subsequent site characterization activities.

This chapter provides detailed descriptions of those
activities that may be required during the RI site
characterization. As discussed earlier, the complexity
and extent of potential risks posed by Superfund sites is
highly variable. Therefore, the lead and support agencies
will have to decide on a site-specific basis which of the

activities described in this chapter must be conducted to
adequately characterize the problem(s) and help in the
evaluation of remedial alternatives.

3.2 Field Investigation Methods

Field investigation methods used in RIs are selected to
meet the data needs established in the scoping process
and outlined in the work plan and SAP. This section
provides an overview of the type of site characterization
data that may be required and the investigative methods
used in obtaining these data. The following sections
describe methods for (1) implementing field activities, (2)
investigating site physical characteristics, (3) defining the
sources of contamination, and (4) evaluating the nature
and extent of contamination. Specific information on the
field investigation methods described below is contained
in the Compendium. Sections of the Compendium that
apply to particular types of field investigations are shown
in Table 3-1.

3.2.1 Implement Field Activities

In addition to developing the SAP, fieldwork support
activities, such as the following, are often necessary
before beginning fieldwork:

1 Assure that access to the site and any other areas to
be investigated has been obtained

Procure subcontractors such as drillers, excavators,
surveyors, and geophysicists

Procure equipment (personal protective ensembles,
air monitoring devices, sampling equipment,
decontamination apparatus) and supplies
(disposables, tape, notebook, etc.)

Coordinate with analytical laboratories, including
sample scheduling, sample bottle acquisition
reporting, chain-of-custody records, and procurement
of close support laboratories or other in-field
analytical capabilities

Procure onsite facilities for office and laboratory
space, decontamination equipment, and vehicle

3-3

Word-searchable version — Not a true copy



Data Management > Conduct Field >y
- Field Procedures Investigation
- Field Measurements

4
Data Management > Sample Analysis
- Laboratory (Laboratory)
l Preliminary
Site
Data Management S Data Evaluation > Characterization
- Analytical Data - Site Characterization Summary

Rescope Investigation ( Repeat
the Previous Scoping Steps):

Reevaluate

Data Needs ? - Determine New Data Needs

Revise Sampling Strategies and

Analytical Support Leve! (if needed)
- Amend QAPP/FSP, HSP, and

Work Plan

Data Evaluation
- Risk Assessment

Data
Sufficient for

Alternative
Development

Alternative
Development
Draft
Rl Report FS Report

Figure 3-1. Major components of site characterization.
maintenance and repair, and sample storage, as well as I Provide for storage or disposal of contaminated

onsite water, electric, telephone, and sanitary utilities material (e.g., decontamination solutions, disposable
equipment, drilling muds and cuttings,
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Table 3-1. Relationship Among Site
Characterization Tasks and the
Compendium

Applicable Sections and
Subsections of the
Compendium
of Superfund Field Operations
Tasks Methods
Field Investigation 7,11,15
Air
Biota® 12
Close support 52,7,15
laboratories 3.2,5.2.6.4,8.1.6.3
RI-derived waste
disposal 3,17,18, 19, 20
Soil gas 8.1,8.3
Support 14
Well logging 8.4
Mapping and survey 8.1,85
Geophysical 8.5
Well installation 8.1,8.2,83
Ground water 7,13, 15

Soil 10
Source testing
Surface water

Sample analysis

Fieldwork, close 5.2,15
support
laboratory 16
Data validations 4,5,6
Sample management
Data evaluation 16

1OSWER is currently developing a Superfund environmental
evaluation manual that will provide guidance for conducting
ecological investigations.

well-development fluids, well-purging water, and
spill-contaminated materials)

Since procurement activities can take up to several
months, they should be initiated as early as possible so
as not to affect the overall RI/FS schedule. Schedule
impacts should also be avoided by structuring contracts,
where possible, such that there is no need to reprocure
services for subsequent site characterization activities.
This may be accomplished using contract options that are
exercised only in the event that additional services or
facilities are required (e.g., basic ordering agreements for
well drilling).

Mobile labs or labs located near the site can often reduce
the time necessary for completing RI activities. If such
quick-turnaround analysis is available, it can be used to
determine the location and type of subsequent sampling
that must take place to more completely characterize the
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site. This may also alleviate the need to reprocure
subcontractors, and significantly accelerate the
completion of the RI. If such analytical techniques are to
be employed, the work plan and SAP should allow for
decision on subsequent activities to be made in the field
with oral approval from key management personnel.
3.2.2 Investigate Site Physical Characteristics
Data on the physical characteristics of the site and
surrounding areas should be collected to the extent
necessary to define potential transport pathways and
receptor populations and to provide sufficient engineering
data for development and screening of remedial action
alternatives. Information normally needed can be
categorized as surface features (including natural and
artificial features), geology, soils, surface water
hydrology, hydrogeology, meteorology, human
populations, land use(s) and ecology.

3.2.2.1 Surface Features

Surface features may include facility dimensions and
locations (buildings, tanks, piping, etc.), surface disposal
areas, fencing, property lines and utility lines, roadways
and railways, drainage ditches, leachate springs,
surface-water bodies, vegetation, topography, residences,
and commercial buildings. Features such as these are
usually identified for possible contaminant migration and
the location of potentially affected receptors. Investigation
of surface features should not be limited to those that are
onsite, but should include significant offsite features as
well. Other facilities in the area that are potential
contributors to contamination should also be identified.

A history of surface features at the site can be developed
from existing data. As discussed in Chapter 2, the data
may include historical photographs, past topographic
surveys, operational records, and information obtained
during interviews with owners, operators, local residents,
and local regulatory agencies. Review of historical
photographs is sometimes the most valuable of these
methods. Aerial photographs are often available from such
sources as the Environmental Monitoring Support
Laboratory, Las Vegas (EMSL-LV), the Environmental
Photographic Interpretation Center (EPIC), and the Soil
Conservation Service of the U.S. Department of
Agriculture.

Existing surface features may be described using aerial
photography, surveying and mapping, and site inspection.
Inspection of the site and the surrounding areas is
normally augmented with photographs. Section 14 of the
Compendium presents additional details on land
surveying, aerial photography, and mapping.



3.2.2.2 Geology

Geology may control or affect the following aspects of a
site:

I The depths, locations, and extents of water-bearing
units or aquifers

The release of contaminants and their subsequent
movement

The engineering geologic aspects of site exploration
and remediation

The investigation of site geology should be tailored to
ensure the identification of those features that will affect
the fate and transport of contaminants. For example, an
understanding of site geology is less important at a site
at which release of contaminants occurs by volatilization
to the atmosphere than at a site at which contaminants
are moving toward the water table.

To understand the geology of a site, one must determine
the geology of bedrock and of unconsolidated overburden
and soil deposits. Table 3-2 summarizes specific
information on overburden and bedrock geology that may
be needed. The degrees to which overburden and bedrock
geology must be understood depend on the geologic
character of the site area, as well as the physical
characteristics of the site itself. An understanding of
regional geologic characteristics is useful in determining
which aspect of site geology may have the greatest
influence on the fate and transport of contaminants and
the use of potential remedial technologies.

In general, an investigation of site geology should include
the following steps:

1 Determination of regional geology from available
information

Reconnaissance mapping of the area, which may
include geophysical investigations onsite

1 Subsurface explorations

The degree to which these steps are undertaken will be
determined by the degree to which the need to evaluate
geologic aspects of the site dictates the investigations
needed in the RI/FS. These investigation methods are
described in detail in Section 8 of the Compendium and
summarized in Table 3-2.

3.2.2.3 Soils and the Vadose Zone
Properties of surface soils and the vadose zone influence

the type and rate of contaminant movement to the
subsurface and subsequently to the water table.

Contaminants that can move through the surface soil and
into the vadose zone may move directly to the water table
or they may be partially or fully retained within the vadose
zone to act as continual sources of ground-water
contamination.  Engineering, physical and chemical
properties of soil and vadose zone materials can be
measured in the field or in the laboratory. Table 3-3
summarizes typical methods for soil and vadose zone
investigations.

3.2.2.4 Surface-Water Hydrology

Surface-water features may include erosion patterns and
surface-water bodies such as ditches, streams, ponds,
and lakes. The transport of contaminants in surface-water
bodies is largely controlled by flow, which in streams is a
function of the gradient, geometry, and coefficient of
friction. A description of how flow is measured can be
found in Section 10 of the Compendium. Contaminants
have three possible modes of transport: (1) sorption onto
the sediment carried by the flow, (2) transport as
suspended solid, and (3) transport as a solute (dissolved).
The transport of dissolved contaminants, which move the
fastest, can be determined by characterizing the flow of
the surface water and the contaminant dispersion.
Sediment and suspended solid transport involve other
processes such as deposition and resuspension. Table
3-4 presents the surface-water information that may be
required for characterizing sites.

If potential pathways include surface water, necessary
data about impoundments may include (1) physical
dimensions such as depth, area, and volume; (2)
residence time; and (3) current direction and rates. As
with impoundments, the direction and velocity of lake
currents are often highly variable and, as a result, are
difficult to measure and accurately predict. Site mapping
will provide much of this information. Measurement
techniques (which are specified in Section 10, Surface
Hydrology, of the Compendium) include the use of current
meters and drogue tracking.

3.2.2.5 Hydrogeology

Determination of site hydrogeology involves identifying
geologic characteristics, hydraulic properties, and
ground-water use, as defined in Tables 3-5 and 3-6 and
described in Section 8 of the Compendium. The
determination of site geology and hydrogeology can often
be incorporated into a single investigative program.
Regional hydrogeologic conditions can be determined
from existing information; site-specific hydrogeologic
conditions can be determined using subsurface
explorations, well installations, and field testing of
hydraulic properties. Table 3-7 summarizes the typical
data

3-6
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Table 3-2. Summary of Site Geology Information

Information Needed

Purpose of Rationale

Collection Methods

Geology of unconsolidated

For both unconsolidated and bedrock

For both unconsolidated and bedrock

overburden and soil deposits geology: geology;
- Thickness and areal extent of 1 Evaluate the influence of geology on 1 Determination of regional geology
units water-boating units and aquifers from avalable information

- Lithology; mineralogy
- Particle size and sorting;

porosity contaminants

Geology of bedrock

- Type of bedrock (igneous,
metamorphic, sedimentary)

- Lithology; petrology

- Structure (folds, faults)

- Discontinuities (joints, fractures,
bedding plants, foliation)

- Unusual features such as
igneous intrusive bodies (dikes),
lava tubes, solution cavities in
limestone (karst)

Evaluate the influence of geology on -
release and movement of

Obtain information on the engineering -
geologic aspects of site remediation -

Published reports (geologic
reports, ground-water reports,
soil survey reports)

State geologic maps

USGS topographic quadrangle
maps

- Descriptions of regional geology
from previous reports of site
investigations

Site reconnaissance mapping

- Field mapping of surficial soil and
Overburdewn units, bedrock
outcrops, surface water
drainage, springs, and seeps

- Analyses of aerial photography
or other remote imagery

- Surface geophysics

Subsurface explorations

- Test borings or core borings
(with or without sampling)

- Test pits and trenches

- Description and logging of
subsurface geologic materials

- Sample collection for laboratory
analyses of physical properties
and mineral content

- Borehole geophysics

collected and available analytical methodologies used
during a hydrogeologic investigation.

3.2.2.6 Meteorology

Meteorological data are often required to characterize the
atmospheric transport of contaminants for risk
assessment determinations and provide real-time
monitoring for health and safety issues. Representative
offsite and site-specific data may be obtained using
sampling methods outlined in Section 11, "Meteorology
and Air Quality," of the Compendium. This publication
also discusses data requirements for using refined air
quality modeling and applicable models. Table 3-8
summarizes atmospheric investigations.

3.2.2.7 Human Populations and Land Use

Information should be collected to identify, enumerate,
and characterize human populations potentially exposed
to contaminants released from a site. For a potentially
exposed population, information should be collected on
population size and location. Special consideration may

be given to identifying potentially sensitive subpopulations
(e.g., preghant women, infants) to better facilitate the
characterization of risks posed by contaminants
exhibiting specific effects (e.g., mutagens, teratogens).
Census and other survey data may be used to identify
and describe the population potentially exposed to
contaminated media. Information may also be available
from U.S. Geological Survey maps, land use plans,
zoning maps, and regional planning authorities.

Data describing the type and extent of human contact
with contaminated media also are needed,! including:

1 Location and use of surface waters
- Drinking water intakes and distribution

- Recreational (swimming, fishing) areas
- Connection between surface-water bodies

1 Local use of ground water as a drinking-water source
- Number and location of wells

1 In some situations, information may be available from the ATSDR
if they previously have conducted health consultations.

3-7

Word-searchable version — Not a true copy



Table 3-3. Summary of Soil and Vadose Zone Information

I nf ormati on Needed Purpose or Rationale

Soi | Characteristics:
Type, hol ding capacity,
tenperature, biological activity,
engi neering properties

Estimate the effect of the properties on
infiltration and retardation of |eachates and
the rel ease of gaseous contan nants

Soi |l Chemistry Characteristics:

Sol ubility, ion speciation
adsorption coefficients,

| eachabi 1lity, cation exchange
capacity, mneral partition
coefficients, chem cal and
sorptive properties

Predi ct contam nant noverent through soils
and availability of contam nants to
bi ol ogi cal systens

Vadose Zone Characteristics:

Perneabi lity, variability, "
porosity, noisture content,

chem cal characteristics, extent

of contam nation

Estimate flux in the vadose zone

Estimate velocity in the vadose zone

" Eval uate pol | utant novenent in the
vadose zone

Col | ecti on Met hods

Primary

Secondar y

Reports and maps by Federal and

county agencies, Soil Conservation

Service (SCS) publications

Existing scientific literature

Existing literature

Existing literature

Existing literature

Bor ehol e sanpling, |aboratory neasurenents (ASTM net hods); water
budget et hods, instantaneous rate method, seepage neters,
infiltroneters, test basins

Chenical analysis, colum experinents |eaching tests

Wit er budget with soil noisture accounting

Draining profile nethods

Measur erent of hydraulic gradients

Estimates assum ng unit hydraulic gradient

Fl ow neters

Met hods based on estinating or neasuring hydraulic conductivity,
usi ng;

" Laboratory paraneters

" Rel ati onshi ps between hydraulic conductivity and grain size
Catal og of hydraulic properties

Fi el d neasurenents of hydraulic conductivity using single or
multiple wells

Tracers
" Cal cul ations using flux val ues
" Calculations using long-terminfiltration data

Four - probe el ectrical nethod

H ectrical conductivity probe

Salinity sensors

Sol i ds sanpling foll oned by | aboratory extraction of pore water
Sol i ds sanpling for organic and m crobial constituents

Suction Lysimeters

Sanpl i ng perched ground water
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Table 3-4. Summary of Surface-water Information

| nf ormati on Needed

Dr ai nage Patterns:

' Overland fl ow, channel
flow pattern, tributary
rel ationshi ps, soil erosions, and

sedi ment transport and deposition

t opogr aphy,

Sur f ace- Wat er Bodi es:

" Flow streamw dths and depths
channel el evations, flooding
t endenci es, and physi cal di mensions
of surface-water inpoundnents

" Structures

Sur f ace- wat er/ gr ound- wat er
rel ati onshi ps

Surface-Water Quality:

" pH, tenperature, total suspended
sol i ds, suspended sedi nent,
salinity, specific contam nant

concentrations

Pur pose or Rational e

Determne if overland or channe
flowcan result in onsite or
offsite flowand if patterns form
cont am nant pat hways

Det erm ne vol une and vel ocity,
transport tines, dilution
potential, and potential
cont ani nati on

spread of

Ef fect of manmade structures on
contam nant transport and mgration

Predi ct contam nant pat hways for
interceptive renedial actions

Provi de capacity of water to carry
contami nants and wat er/ sedi ment
partitioning

Col | ecti on Met hods

Primary

Topogr aphi ¢ maps, site
i nspection, and soi
conservation services

Publi ¢ agency data and
atl ases; catal ogs, maps, and
handbooks for background data

Publ i ¢ agency maps and records
survey and ground surveys

Publ i c agency reports and
surveys

Publ i c agency conputerized
data files, handbooks, and
open literature

Secondary

Aeri al
survey

mappi ng and ground

Aeri a
survey

mappi ng and ground

Wat er | evel neasurements and

nodel i ng

Sanpl i ng and anal ysi s
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Table 3-5.

Aspects of Site Hydrogeology

Geologic aspects

- Type of water-bearing unit or aquifer (overburden,
bedrock)

- Thickness, areal extent of water-bearing units and
aquifers

- Type of porosity (primary, such as intergranular
pore space, or secondary, such as bedrock
discontinuities or solution cavities)

- Presence or absence of impermeable units or
confining layers

- Depths to water table; thickness of vadose zone

Hydraulic aspects

- Hydraulic properties of water-bearing unit or aquifer
(hydraulic conductivity, transmissivity, storativity,
porosity, dispersivity)

- Pressure conditions (confined, unconfined, leaky
confined)

- Ground-water flow directions (hydraulic gradients,
both horizontal and vertcal), volumes (specific
discharge), rate (average linear velocity)

- Recharge and discharge areas

- Ground-water or surface water interactions; areas
of ground-water discharge to surface water

- Seasonal variations of ground-water conditions

Ground-water use aspects
- ldentify existing or potential aquifers
- Determine existing near-site use of ground water

Table 3-6.

Features of Ground-Water Systems

Components of Ground-Water Systems

- Unconfined aquifers

- Confining beds

- Confined aquifers

- Presence and arrangement of components
Water-bearing openings of the dominant aquifer
- Primary openings

- Secondary openings

Storage and transmission characteristics of the
dominant aquifer

- Porosity

- Transmissivity

Recharge and discharge conditions of the dominant
aquifer

Human use or access to the site and adjacent areas
- Residential

- Commercial

- Recreational use

Location of population with respect to site

- Proximity

- Prevailing wind direction
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Information on expected land use, as well as current land use,
is desirable. Available population growth projections, land use
plans, and zoning maps can help develop expected exposure
scenarios. This information may be obtained from zoning
boards, the census bureau, regional planning agencies, and
other local governmental entities.

3.2.2.8 Ecological Investigations

Biological and ecological information collected for use in the
baseline risk assessment aids in the evaluation of impacts to
the environment and also helps to identify potential effects
with regard to the implementation of remedial actions. The
information should include a general identification of the flora
and fauna associated in and around the site with particular
emphasis placed on identifying sensitive environments,
especially endangered species and their habitats and those
species consumed by humans or found in human food chains.
Examples of sensitive environments include wetlands, flood
plains, wildlife breeding areas, wildlife refuges, and specially
designated areas such as wild and scenic rivers or parks.

Depending on the specific circumstances, data may be
needed for species that have key ecological functions in
particular ecosystems, such as primary or secondary
producers, decomposers, scavengers, predators, or species
that occupy key positions in the food chains of humans or
other species. Bioaccumulation data on food chain
organisms, such as aquatic invertebrates and fish, may be
particularly important to both environmental risk and human
risk assessment.? Data gathered through biological
assessment techniques (e.g., bioassays and/or field
monitoring) may be useful in situations where there are
complex mixtures, incomplete toxicity information, and/or
unidentified or unmeasured compounds. The Natural
Resources Trustees for the site should be contacted to
determine if other ecological data are available that may be
relevant to the investigation. A summary of environmental
information that may be needed and potential collection
methods is provided in Table 3-9.

Prudent judgment on the part of the site managers is required
to ensure that only relevant data that will aid in evaluating
potential ecological risk and/or potential remedial actions are
collected. Because human health risks may be more
substantial than ecological risks, and the mitigative actions
taken to alleviate risks to human health are often sufficient to
mitigate potential ecological risks as well, extensive
ecological investigations may not be required for many sites.

2 Ecological information collected to aid in the assessment of
risk to humans exposed through food chain contamination
should be used in accordance with the Superfund Public
Health Evaluation Manual (U.S. EPA, October 1986).



Table 3-7. Summary of Ground-Water Information

Information Needed

Purpose or Rationale

Collection Methods

Primary

Secondary*

Ground-Water Occurrence:
1 Aquifer boundaries and locations

1 Aquifer ability to transmit water

Ground-Water Movement:
1 Direction of flow

1 Rate of flow

Ground-Water Recharge/Discharge:

1 Location of recharge/discharge
areas

1 Rate

Ground-Water Quality:

1 pH, total dissolved solids, salinity,
specific contaminant
concentrations

Define flow limits and degree of aquifer
confinement

Determine potential quantities and rates
for treatment options

Identify most likely pathways of
contaminant migration

Determine maximum potential migration
rate and dispersion of contaminants

Determine interception points for
withdrawal options or areas of capping
site

Determine variability of loading to
treatment options

Determine exposure via ground water;
define contaminant plume for evaluation
of interception methods

Existing literature, water resource atlases

Pumping and injection tests of monitor
wells

Existing hydrologic literature

Existing hydrologic literature

Existing site data, hydrologic literature,

Existing literature

Existing site data

Installation of wells and peizometers (single
level or multilevel)

Ground-water level measurements (over
time to monitor seasonal variations)
Instrument survey of weds for calculation of
ground-water elevations

Borehole and surface geophysics

Water level measurements in monitor wells
Testing of hydraulic properties using slug
tests, tracer tests, and pump tests (short- or
long-duration, single or multiple well)
Elevation contours of water table or
potentiometric surface

Analytical calculations of flow directions

and rates

Computer generated simulations of
ground-water flow and contaminant
transport (using anatytical or numerical
methods)

Generation of site water balance

Hydraulic gradient permeability, and
effective porosity from water level contours,
pump test results, and laboratory analyses

Comparsion of water levels in observation
wells, piezometers, lakes, and streams
Field mapping of ground-water recharge
areas (losing streams, interstream areas)
and ground-water discharge to surface
water (gaining streams, seeps, and springs)

Water-balance calculations aided by
geology and soil data

Analysis of ground-water samples from
observation wells, geophysics

* May be appropriate if detailed information is required or if it is the only method due to a lack of published data.
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Table 3-8. Summary of Atmospheric Information

I nformati on Needed

Pur pose or Rationale

Col |l ecti

on Met hods

Primry

Secondary

Local dimate:
" Precipitation

' Tenperature
" Wnd speed and direction

' Presence of inversion
| ayers

Weat her Extrenes:
' Storns

Fl oods

" W nds

Rel ease Characteristics:
" Direction and speed of
pl ume nmovenent

Define recharge, aeolian
erosi on, evaporation
potential, effect of weather
patterns on renedi al
actions, area of deposition
of particul ates

Determ ne effect of weather
extrenes on sel ection and
timng of renedial
actions, and extrenes of
deposi tional areas

Det er mi ne di spersion
charactristics of rel ease

Nati onal Climte Center
(NCC) of National Oceanic
and At nospheric

Adm ni stration; |oca
weat her bur eaus

NCC, State emergency

pl anni ng of fices; Federa
Emer gency Managenent
Agency fl ood insurance
st udi es

I nformati on from source
facility, weather
services, air nmonitoring

Onsite neasurenents and

observati ons

Onsite neasurenents

servi ces
Rat e, anmount,
tenperature of rel ease
Rel ati ve densities
3-12
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The use of a review committee comprised of individuals
experienced in conducting ecological investigations is
encouraged to provide design, planning, and oversight for
these investigations and to follow through to the selection
of an environmentally sound remedy. Section 12 of the
Compendium addresses environmental information that
may be needed and potential collection methods.

3.2.3 Define Sources of Contamination
Sources of contamination are often hazardous
substances contained in drums, tanks, surface

impoundments, waste piles, and landfills. In a practical
sense, heavily contaminated media (such as soils) may
also be considered sources of contamination, especially
if the original source (such as a leaking tank) is no longer
present on the site or is no longer releasing
contaminants.

Source characterization involves the collection of data
describing (1) facility characteristics that help to identify
the source location, potential releases, and engineering
characteristics that are important in the evaluation of
remedial actions; (2) the waste characteristics, such as
the type and quantity of contaminants that may be
contained in or released to the environment; and (3) the
physical or chemical characteristics of hazardous wastes
present in the source. Key source characterization data
are summarized in Table 3-10.

The location and type of existing containment should be
determined for all known sources. In addition, where the
hazardous substance remains in containment vessels,
the integrity of the containment structure should be
determined so that the potential for release and its
magnitude can be evaluated. This determination is
especially important for buried drums or tanks, because
corrosion mat be rapid. These data, as well as the data
identified in Table 3-10, may be obtained largely through
site inspections, mapping, remote sensing, and sampling
and analysis. The waste type should be determined for
each source. If available waste manifests or facility
records can be reviewed, the industrial processes that
resulted in generation of the waste should be determined
and the type of contaminants usually present in the
process waste identified. Often, sources are sampled and
analyzed for contaminants found on the Target Compound
List (TCL) (formerly the Hazardous Substances List) or
other lists such as those developed for RCRAZ. Quantities
of wastes may be estimated for each waste type either
from veritable inventories of containerized wastes, from
sampling and analysis, or from physical dimensions of
the source. Section 13 of the Compendium and

3 Guidance on determining whether wastes are RCRA-listed or
characteristic wastes can be found in the CERCLA Compliance
with Other Laws Manual (U.S. EPA, May 1988).

Characterization of Hazardous Waste Sites - A Methods
Manual, Volume Il (U.S. EPA, April 1985) describe
methods suitable for sampling and analysis.

It may be possible to determine the location and extent of
sources and the variation of materials within a waste
deposit by nonchemical analysis. Methodologies for this
determination, which are described in Section 8 of the
Compendium, include geophysical surveys. A variety of
survey techniques (e.g., ground-penetrating radar,
electrical resistivity, electromagnetic induction,
magnetometry, and seismic profiling), can effectively
detect and map the location and extent of buried waste
deposits. Aerial photography and infrared imagery can aid
in defining sources through interpretation of the ecological
effects that result from stressed biota. However, all of
these geophysical methods are nonspecific, and
subsequent sampling of the sources will probably be
required to provide the data for evaluation of source control
measures at the site.

3.2.4 Determine the Nature and Extent of
Contamination

The final objective of the field investigations is to
characterize the nature and extent of contamination such
that informed decisions can be made as to the level of
risk presented by the site and the appropriate type(s) of
remedial response. This process involves using the
information on source location and physical site data
(e.g., ground-water flow directions, over land flow
patterned) to give a preliminary estimate of the locations
of contaminants that may have migrated. An iterative
monitoring program is then implemented so that, by using
increasingly accurate analytical techniques, the locations
and concentrations of contaminants that have migrated
into the environment can be documented.

The sampling and analysis approach that should be used
is discussed in Section 4.5.1 of the DQO Guidance. In
short, the approach consists of, where appropriate,
initially taking a large number of samples using field
screening techniques and then, based on the results of
these samples, taking additional samples - to be
analyzed more rigorously - from those locations that
showed the highest concentrations in the previous round
of sampling. The final step is to document the extent of
contamination using an analytical level that yields data
quality that is sufficient for the risk assessment and the
subsequent analysis and selection of remedial
alternatives.

At hazardous waste sites the nature and extent of
contamination may be of concern in five media: ground
water, soil, surface water, sediments, and air. The
methodologies for conducting sampling and analysis for
each of these media are discussed below. More detailed
descriptions of the investigation

3-13
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Table 3-9. Summary of Ecological Information

| nformati on Needed for Public
Heal th Eval uation Pur pose or Rational e

Land Use Characteristics Deternmine if terrestrial
environment could result in
human exposure, e.g., through
hunti ng or use of
agricultural |and

Wat er Use Characteristics Determine if aquatic
environnent could result in
human exposure, e.g.
t hrough fishing or other
recreational water activities

I nformati on Needed for Environnental Eval uation

Ecosyst em Conponent s and Determ ne potentially
Characteristics af fect ed ecosyst ens;
determ ne presence of
endanger ed speci es

Critical Habitats Deternm ne the area an or near
a site to be protected during
renedi ati on

Bi ocont ami nati on Det er mi ne observabl e i nmpact
of contam nants

Col | ecti on Met hods

Primary

Secondary

Ground and aeri al
survey naps; site
survey

WAt er resource agency
reports; site surveys

Records of area plants
and ani mal surveys,
survey of plants and
animals on or near a
site; survey of a site
or area phot ographs

Records of site
envi ronnment

Records of site
envi ronnment

Ground and aeri al
surveys

Ground surveys and
sanpl e coll ection

Ground and wat er
surveys

Sanpl i ng and anal ysi s
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Tabl e 3-10. Sunmary of Source | nfornmation

| nf ormati on Needed

Facility Characteristics:

Source | ocation

Type of waste/chem cal
cont ai nment

Integrity of waste/chenica
cont ai nnent

Dr ai nage control

Engi neered structures

Site security

Known di scharge points
(outfalls, stacks)

Pur pose or Rational e

Locat e above-ground and
subsurface contani nant
sour ces

Det erm ne potenti al
renedi es for rel eases

Det erm ne probability of
rel ease and timng of
response

Det erm ne probability of
rel ease to surface water

Identify possible conduits

for mgration or

interference with renedial

actions

Det erm ne potential for

exposure by direct contact;

may di ctate response

Det er mi ne poi nts of
accidental or intentiona
di schar ge

Col | ecti on Met hods

Primary

Secondary

Site inspection facility
records, archival photos

Site inspection

Site Inspection

Site inspection;
t opogr aphi ¢ maps

Site inspection;
facility records

Site inspection

Site Inspection;
facility records

Renpt e sensi ng,
sanpling, and anal ysis

Renpt e sensi ng

Sanpl i ng and anal ysi s;
nondestructive testing

Renpt e sensi ng
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Table 3-10. Continued

| nf ormati on Needed

Mappi ng and surveyi ng

Wast e Characteristics:
" Type

" Quantities

* Chemi cal and physica
properties

'*  Concentrations

Pur pose or Rational e

Locate existing structures
and obstructions for

al ternatives eval uation,
site features, and

t opogr aphy

Det er mi ne contam nants for
exposure assessnents and
for treatnment options

Det er m ne magni t ude of
potential releases

Det er mi ne envi ronnent al
mobility, persistence, and
effects; detern ne
paraneters for devel oprment
and eval uati on of

al ternatives

Det erm ne quantities and
concentrations potentially
rel eased to environnmenta
pat hways

Col | ecti on Met hods

Primary

Secondary

Exi sting maps (USGS
county, |and devel opnent)

Site inspection; waste
mani f est s

Site inspection

Site inspection,
handbooks,

CHEMIREC/ CHMTADS, Chemi cal
Informati on Service (CIS),
and facility records

Site inspection

Renpt e sensi ng;
surveyi ng

Sanpl i ng and anal ysi s

Sampl i ng and
anal ysi s; geophysica
surveys

Sanpling and anal ysi s

Sanpling and anal ysi s
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process can be found in the DQO Guidance and the
Compendium.

3.2.4.1 Ground Water

The nature and extent of ground-water contamination
should be evaluated both horizontally and vertically. On
the basis of geologic and hydrogeologic investigations, it
should be determined if contamination of an aquifer(s) is
possible and if such contamination could potentially affect
human or environmental receptors. Following this, a
groundwater monitoring program may nheed to be
implemented, concentrating the placement of wells in the
direction of ground-water flow, in aquifers subject to
contamination, and in places where they would indicate
an existing or future threat to receptor populations.
However, because of the uncertainties associated with
subsurface migration, identifying background levels, and
determining if there is a contribution from other sources,
sampling should also be conducted in the area perceived
to be upgradient from the contaminant source.

Because of the significant investment necessary to drill
new wells and the resulting limited number of samples,
neither Level | nor field-screening techniques are
appropriate for analysis of ground water, other than to
possibly better define chemical analysis parameters.
Geophysical techniques can be useful in identifying the
location of plumes and thereby assisting in the location of
monitoring wells. However, geophysical techniques are
subject to influences from external factors and are not
appropriate at all sites. Therefore, care must be taken in
employing these methods, and their results should
always be confirmed with analytical sampling. Specific
guidance on conducting ground water sampling
investigations and response activities can be found in the
Compendium, the DQO Guidance, and the "Guidance on
Remedial Actions for Contaminated Ground Water at
Superfund Sites" (U.S. EPA, Draft, August 1988).

3.24.2 Soil

As with ground-water sampling, the intent of soil sampling
is to characterize and estimate the limits of existing soll
contamination. Field-screening techniques (e.g., soil gas
analysis, mobile laboratories for target compounds) can
be useful for directing soil sampling into areas of greatest
contamination or "hot spots." If existing information
provides no basis for predicting where hot spots might
occur, sampling locations can be chosen in a grid pattern
of appropriate size such that investigators can be
confident that areas of high concentration have been
located. Often, especially if soil has been contaminated
as a result of overland flow of contaminants from defined
sources, sampling can be

concentrated in those areas that, either through
topography or evidence such as drainage channels, it is
most likely that contaminants have been deposited. As
with ground water, soil contamination should be
documented in both vertical and horizontal directions.
This approach will help determine both areas of
contamination and background concentrations. Soils to
be analyzed usually can be obtained by hand, allowing
many samples to be taken and initially analyzed with
instruments such as a photoionization detector. Results
of field screening can then be used to determine which
samples should be further analyzed using more rigorous
methods.
3.2.4.3 Surface Water

Leachate from contaminant sources or discharge of
contaminated ground water can result in the
contamination of surface waters. Surface-water sampling
locations should be chosen at the perceived location(s) of
contaminant entry to the surface water and downstream,
as far as necessary, to document the extent of
contamination. As with soil, the relative ease of obtaining
samples allows many samples to be taken and analyzed
using field screening methods, a subset of which can be
chosen for more rigorous analysis.

Contamination of surface water is sometimes the result of
an incidental release of contaminants such as the
overflowing or breach of a surface impoundment. In these
cases, it is not likely that routine surface water sampling
will show contamination that has or may occur. Therefore,
to document whether such releases occur, sampling
should be conducted during or following periods of heavy
rainfall when possible.

3.2.44 Sediments

A potentially more serious and common problem
associated with surface water is the contamination of
sediments. Whereas contamination in surface water
tends to become diluted or transformed as it travels
downstream, contaminants deposited in sediments tend
to remain in place. It is therefore important to monitor for
sediment contamination if it is suspected that surface
water has been contaminated.

The choice of sampling locations for sediments is similar
to the criteria applied to surface-water sampling.
Field-screening techniques can be useful in defining areas
of contamination. However, it should be noted that
sediment contamination often consists of inorganics
and/or nonvolatile organics, for which field screening
techniques are not as applicable. Therefore, in designing
a sampling program, consideration of the contaminants of
concern is very important.
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3.245 Air

Volatilization of organics and emissions of airborne
particulates can be a concern at hazardous waste sites.
For sites at which it appears that air emissions are a
problem (e.g., surface impoundments containing volatile
organics, landfills at which there is evidence of methane
gas production and migration), an air emissions
monitoring program should be undertaken. A
field-screening program is recommended to determine if
there is an air pollution problem, both for volatile organics
and fugitive dust emissions. Because of the highly
variable nature of air emissions from hazardous waste
sites, consideration of meteorological conditions at the
time of sampling is essential for the proper documentation
of potential air pollution.

3.2.5 Additional Site Characterization

In some situations, additional site information may be
required to refine our understanding of the site and better
evaluate specific remedial alternatives. Examples include:

1 Better delineation of contaminated areas and depths
of contamination so that quantities of contaminated
media to be processed can be calculated more
accurately

Characteristics of the media that would affect the
feasibility of the remedial alternative, such as soil
permeability for soil-vapor extraction

Pertinent site characteristics not discovered earlier in
the initial site characterization effort

Before additional site characterization is initiated, the
QAPP/FSP should be reviewed and modified as
appropriate to guide the collection of additional site data.
In addition, site data collected and evaluated as part of
the initial RI site characterization should be reviewed and
compared to the data needs identified for conducting the
detailed analysis of alternatives. Reviewing data needs
during the preplanning step is also useful in predicting the
necessary number of samples and types of analyses
required.

3.3 Laboratory Analyses

Data that will be used as the basis for decision-making
requires that the analysis of samples in laboratories
meets specific QA/QC requirements. To meet these
requirements, federal- or state-lead site investigations
have the option of using mobile laboratories; the CLP,
which is established by EPA; or a non-CLP laboratory
that meets the DQOs of the site investigation.*

4 The type of laboratory analyses that will be utilized for a RPR-
lead RI/FS may also include any of those listed above, if
approved by the RPM (See Appendix A)
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The CLP provides analytical services through a nationwide
network of laboratories under contract to EPA. The lead
agency chooses whether or not to use a CLP laboratory
on the basis of available CLP capacity and the analytical
requirements that meet the DQOs. If the CLP is not used,
a laboratory may be procured using standard bidding
procedures.

Under the CLP, the majority of analytical needs are met
through standardized laboratory services provided by
Routine Analytical Services (RAS). The RAS program
currently provides laboratory services for the analysis of
organics and inorganics in water or solid samples. Other
specialized types of analysis not yet provided by
standardized laboratory contracts may be scheduled on
an as-needed basis under the special analytical services
(SAS) program. The SAS program is designed to
complement the RAS program by providing the capability
for specialized or custom analytical requirements. If an
analytical need is not ordinarily provided by routine
analytical services (RAS), a specific subcontract can be
awarded under the SAS program to meet a particular
requirement.

The decision whether to use mobile laboratories or a CLP
or non-CLP laboratory should be based on several factors
including the analytical services required, the number of
samples to be analyzed, the desired turnaround time, and
the anticipated turnaround time of the laboratory at the
time samples are to be sent. Mobile or non-CLP
laboratories located close to the site may be the best
choice when fast turnaround of analytical results is
required to meet specific sampling objectives or would
result in a significant reduction of the overall RI/FS
schedule. To facilitate the most efficient completion of the
RI, mobile or non-CLP laboratories can be used to initially
document the nature and extent of contamination.
Selected duplicate samples can be sent to CLP
laboratories to confirm and validate the analytical results
from the mobile or non-CLP laboratories. This process
assists in the timely completion of the RI and the
initiation of FS activities, while still ensuring that legally
defensible data are available for decision-making and
potential cost-recovery actions.

If anon-CLP laboratory is used, analytical protocols need
to be specified in the bid packages sent to laboratories
that are under consideration. For federal-lead sites,
laboratories receiving invitations to bid have usually been
approved by the EPA Regional QA representative. For
state-lead sites at which non-CLP laboratories are used,
the laboratory usually subcontracts with the prime
contractor when the project is initiated.

Section 5 of the Compendium presents the details of
procedures for the use of CLP laboratories and non-CLP
laboratories. The User's Guide to the Contract



Laboratory Program (U.S. EPA, December 1986) also
presents procedures for use of the CLP.

3.4 Data Analyses

Analyses of the data collected should focus on the
development or refinement of the conceptual site model
by presenting and analyzing data on source
characteristics, the nature and extent of contamination,
the contaminated transport pathways and fate, and the
effects on human health and the environment. Data
collection and analysis for the site characterization is
complete when the DQOs that were developed in scoping
(including any revisions during the RI) are met, when the
need (or lack thereof) for remedial actions is documented,
and when the data necessary for the development and
evaluation of remedial alternatives have been obtained.
The results of the RI typically are presented as an
analysis of site characteristics and the risk associated
with such characteristics (i.e., the baseline risk
assessment).

3.4.1 Site Characteristics

The evaluation of site characteristics should focus on the
current extent of contamination and estimating the travel
time to, and predicting contaminant concentrations at,
potential exposure points. Data should be analyzed to
describe (1) the site physical characteristics, (2) the
source characteristics, (3) the nature and extent of
contamination, and (4) the important contaminant fate and
transport mechanisms.

3.4.1.1 Site Physical Characteristics

Data on site physical characteristics should be analyzed
to describe the environmental setting at the site, including
important surface features, soils, geology, hydrology,
meteorology, and ecology. This analysis should
emphasize factors important in determining contaminant
fate and transport for those exposure pathways of
concern. For example, if migration of contamination in
ground water is of concern, these factors may include the
properties of the unsaturated zone, the rate and direction
of flow in the aquifer(s), and the extent of subsurface
systems.

3.4.1.2 Source Characteristics

Data on source characteristics should be analyzed to
describe the source location; the type and integrity of any
existing waste containment; and the types, quantities,
chemical and physical properties, and concentrations of
hazardous substances found. The actual and potential
magnitude of releases from the source and the mobility
and persistence of source contaminants should be
evaluated.
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3413 The Nature and Extent of Contamination
An analysis of data collected concerning the study area
should be performed to describe contaminant
concentration levels found in environmental media in the
study area. Analyses that are important to the
subsequent risk assessment and subsequent
development of remedial alternatives include the
horizontal and vertical extent of contamination in soil,
ground water, surface water, sediment, air, biota, and
facilities.® Spatial and temporal trends in contamination
may be important in evaluating transport pathways. Data
should be arranged in tabular or graphical form for clarity.
Figure 3-2 shows an example of how the extent of soll
and ground-water contamination can be represented in
terms of excess lifetime cancer risk. Similar figures can
be prepared showing concentrations rather than risk
values.

3.4.1.4 Contaminant Fate and Transport

Results of the site physical characteristics, source
characteristics, and extent of contamination analyses are
combined in the analyses of contaminant fate and
transport. If information on the contaminant release is
available, the observed extent of contamination may be
used in assessing the transport pathway's rate of
migration and the fate of contaminants over the period
between release and monitoring. Contaminant fate and
transport may also be estimated on the basis of site
physical characteristics and source characteristics.

Either analysis may use analytical or numerical modeling.
While field data generally best define the extent of
contamination, models can interpolate among and
extrapolate from isolated field samples and can interpret
field data to create a more detailed description. Models
also can aid the data reduction process by providing the
user with a structure for organizing and analyzing field
data.

Models applicable to site characterization can be grouped
according to their relative accuracy and their ability to
depict site conditions. Simplified models (e.g., analytical
and semianalytical models) can quantitatively estimate
site conditions with relatively low accuracy and resolution.
Typically, they provide order-of-magnitude estimates and
require that simplified assumptions be made regarding
site conditions and chemical characteristics.

More detailed numerical models (e.g., numerical
computer codes) provide greater accuracy and resolution
because they are capable of representing

Cross-media contamination should be considered (e.g., potential
for contaminated soils to act as a source for groundwater
contamination due to leaching from the soil).



spatial variations in site characteristics and irregular
geometries commonly found at actual sites. These
models can also represent the actual configuration and
effects of remedial actions on site conditions. Detailed
mathematical models are sometimes appropriate for
investigations in  which detailed information on
contaminant fate and transport is required.

Models also are useful for screening alternative remedial
actions and may be used for a detailed analysis of
alternatives. Deciding whether analytical or numerical
models should be used and selecting appropriate models
for either the remedial investigation or the feasibility study
can be difficult. Modeling may not be needed if site
conditions are well understood and if the potential
effectiveness of different remedial actions can be easily
evaluated. In selecting and applying models, it is
important to remember that a model is an artificial
representation of a physical system and is only one way
of characterizing and assessing a site. A model cannot
replace, nor can it be more accurate than, the actual site
data. Additional information on determining contaminant
fate and transport is provided in the "Superfund Exposure
Assessment Manual" (U.S. EPA, April 1988).

3.4.2 Baseline Risk Assessment

34.21 General Information

Baseline risk assessments provide an evaluation of the
potential threat to human health and the environment in
the absence of any remedial action. They provide the
basis for determining whether or not remedial action is
necessary and the justification for performing remedial
actions. The baseline risk assessment will also be used
to support a finding of imminent and substantial
endangerment if such a finding is required as part of an
enforcement action. Detailed guidance on evaluating
potential human health impacts as part of this baseline
assessment is provided in the Superfund Public Health
Evaluation Manual (SPHEM) (U.S. EPA, October 1986).°
Guidance for evaluating ecological risks is currently under
development within OSWER.

In general, the objectives of a baseline risk assessment
may be attained by identifying and characterizing the
following:

I Toxicity and levels of hazardous substances present
in relevant media (e.qg., air, ground water, soil, surface
water, sediment, and biota)

¢ This guidance is currently undergoing revision.

Environmental fate and transport mechanisms within
specific environmental media such as physical,
chemical, and biological degradation processes and
hydrogeological conditions

Potential human and environmental receptors

Potential exposure routes and extent of actual or
expected exposure

Extent of expected impact or threat; and the

likelihood of such impact or threat occurring (i.e., risk
characterization)

Level(s) of uncertainty associated with the above
items

The level of effort required to conduct a baseline risk
assessment depends largely on the complexity of the
site. The goal is to gather sufficient information to
adequately and accurately characterize the potential risk
from a site, while at the same time conduct this
assessment as efficiently as possible. Use of the
conceptual site model developed and refined previously
will help focus investigation efforts and, therefore,
streamline this effort. Factors that may affect the level of
effort required include:

1 The number, concentration, and types of chemicals
present

Areal extent of contamination

The quality and quantity of available monitoring data

The number and complexity of exposure pathways
(including the complexity of release sources and
transport media)

The required precision of sample analyses, which in
turn depends on site conditions such as the extent of
contaminant migration and the proximity,
characteristics, and size of potentially exposed
population(s)

The availability of appropriate standards and/or
toxicity data

3.4.2.2 Components of the Baseline Risk

Assessment

The risk assessment process can be divided into four
components:

1 Contaminant identification
1 Exposure assessment

1 Toxicity assessment

3-20
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Figure 3-2. Representation of the areal extent of contamination.
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1  Risk characterization

Figure 3-3 illustrates the risk assessment process and
its four components. A brief overview of each component
follows.

Contaminant Identification. The objective of contaminant
identification is to screen the information that is available
on hazardous substances or wastes present at the site
and to identify contaminants of concern to focus
subsequent efforts in the risk assessment process.
Contaminants of concern may be selected because of
their intrinsic toxicological properties, because they are
present in large quantities, or because they are presently
in or potentially may move into critical exposure
pathways (e.g., drinking water supply).

It may be useful for some sites to select "indicator
chemicals" as part of this process.” Indicator chemicals
are chosen to represent the most toxic, persistent,
and/or mobile substances among those identified that are
likely to significantly contribute to the overall risk posed
by the site. In some instances, an indicator chemical
may be selected for the purpose of representing a "class"
of chemicals (e.g., TCE to represent all volatiles).
Although the use of indicator chemicals serves to focus
and streamline the assessment on those chemicals that
are likely to be of greatest concern, a final check will
need to be made during remedy selection and the
remedial action phase to ensure that the waste
management strategy being implemented addresses
risks posed by the range of contaminants found at the
site.

Exposure Assessment. The objectives of an exposure
assessment are to identify actual or potential exposure
pathways, to characterize the potentially exposed
populations, and to determine the extent of the exposure.
Detailed guidance on conducting exposure assessments
is provided in the Superfund Exposure Assessment
Manual (U.S. EPA, April 1988), and is briefly discussed
below.

Identifying potential exposure pathways helps to
conceptualize how contaminants may migrate from a
source to an existing or potential point of contact. An
exposure pathway may be viewed as consisting of four
elements: (1) A source and mechanism of chemical
release to the environment; (2) An environmental
transport medium (e.g., air, ground water) for the released
chemical; (3) A point of potential contact with the
contaminated medium (referred to as the exposure point);
and (4) An exposure route (e.g., inhalation, ingestion) at
the exposure point.

7 The methodology for identifying indicator chemicals for
assessing human health risks is described in the Superfund
Public Health Evaluation Manual (U.S. EPA, October 1986).
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The analysis of the contaminant source and how
contaminants may be released involves characterizing
the contaminants of concern at the site and determining
the quantities and concentrations of contaminants
released to environmental media. Figure 3-4 presents a
conceptual example identifying actual and potential
exposure pathways.

Once the source(s) and release mechanisms have been
identified, an analysis of the environmental fate and
transport of the contaminants is conducted. This analysis
considers the potential environmental transport (e.g.,
ground-water migration, airborne transport);
transformation (e.g., biodegradation, hydrolysis, and
photolysis); and transfer mechanisms (e.g., sorption,
volatilization) to provide information on the potential
magnitude and extent of environmental contamination.
Next, the actual or potential exposure points for receptors
are identified. The focus of this effort should be on those
locations where actual contact with the contaminants of
concern will occur or is likely to occur. Last, potential
exposure routes that describe the potential uptake
mechanism (e.g., ingestion, inhalation, etc.) once a
receptor comes into contact with contaminants in a
specific environmental medium are identified and
described. Environmental media that may need to be
considered include air, ground water, surface water, soil
and sediment, and food sources. Detailed procedures for
estimating and calculating rates of exposure are
described in detail in the Superfund Exposure
Assessment Manual.

After the exposure pathway analysis is completed, the
potential for exposure should be assessed. Information
on the frequency, mode, and magnitude of exposure(s)
should be gathered. These data are then assessed to
yield a value that represents the amount of contaminated
media contacted per day. This analysis should include
not only identification of current exposures but also
exposures that may occur in the future if no action is
taken at the site. Because the frequency mode and
magnitude of human exposures will vary based on the
primary use of the area (e.g., residential, industrial, or
recreational), the expected use of the area in the future
should be evaluated.® The purpose of this analysis is to
provide decision-makers with an understanding of both
the current risks and potential future risks if no action is
taken. Therefore, as part of this evaluation, a reasonable
maximum exposure scenario should be developed, which
reflects the type(s) and extent of exposures that could
occur based on the likely or expected use of the site (or
surrounding areas) in the

8 This evaluation does not require an extensive analysis of
demographic trends and a statistically measurable confidence
level for the prediction of future development, only that the
likely use (based on past and current trends, zoning
restrictions, etc.) be evaluated.



future.® The reasonable maximum exposure scenario is
presented to the decision-maker so that possible
implications of decisions regarding how to best manage
uncertainties can be factored into the risk management
remedy selection.

The final step in the exposure assessment is to integrate
the information and develop a qualitative and/or
guantitative estimate of the expected exposure level(s)
resulting from the actual or potential release of
contaminants from the site.

Toxicity Assessment. Toxicity assessment, as part of
the Superfund baseline risk assessment process,
considers (1) the types of adverse health or environmental
effects associated with individual and multiple chemical
exposure; (2) the relationship between magnitude of
exposures and adverse effects; and (3) related
uncertainties such as the weight of evidence for a
chemical's potential carcinogenicity in humans. Detailed
guidance for conducting toxicity assessments is provided
in the SPHEM.

Typically, the Superfund risk assessment process relies
heavily on existing toxicity information and does not
involve the development of new data on toxicity or
dose-response relationships. Available information on
many chemicals is already evaluated and summarized by
various EPA program offices or cross-Agency work
groups in health and environmental effects assessment
documents. These documents or profiles will generally
provide sufficient toxicity and dose-response information
to allow both qualitative and quantitative estimates of
risks associated with many chemicals found at
Superfund sites. These documents often estimate
carcinogen exposures associated with specific lifetime
cancer risks (e.g., risk-specific doses or RSDs), and
systemic toxicant exposures that are not likely to
present appreciable risk of significant adverse effects to
human populations over a lifetime (e.g., Reference Doses
or RfDs).

Risk Characterization. In the final component of the risk
assessment process, a characterization of the potential
risks of adverse health or environmental effects for each
of the exposure scenarios derived in the exposure
assessment, is developed and summarized. Estimates
of risks are obtained by integrating information developed
during the exposure and toxicity assessments to
characterize the potential or actual risk, including
carcinogenic risks, noncarcinogenic risks, and
environmental risks. The final analysis should include a
summary of the risks associated with a site including
each projected

°  Additional guidance on developing reasonable maximum
exposure scenarios will be provided in the upcoming revision
of the SPHEM.
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exposure route for contaminants of concern and the
distribution of risk across various sectors of the
population. In addition, such factors as the weight-
of-evidence associated with toxicity information, and any
uncertainties associated with exposure assumptions
should be discussed.

Characterization of the environmental risks involves
identifying the potential exposures to the surrounding
ecological receptors and evaluating the potential effects
associated with such exposure(s). Important factors to
consider include disruptive effects to populations (both
plant and animal) and the extent of perturbations to the
ecological community.

The results of the baseline risk assessment may indicate
that the site poses little or no threat to human health or
the environment. In such situations, the FS should be
either scaled down as appropriate to that site and its
potential hazard, or eliminated altogether. The results of
the RI and the baseline risk assessment will therefore
serve as the primary means of documenting a no-action
decision. If it is decided that the scope of the FS will be
less than what is presented in this guidance or eliminated
altogether, the lead agency should document this
decision and receive the concurrence of the support
agency.
3.4.3 Evaluate Data Needs

As data are collected and a better understanding of the
site and the risks that it poses are obtained, the
preliminary remedial action alternatives developed during
scoping should be reviewed and refined. The available
data should be evaluated to determine if they are
sufficient to develop remedial alternatives. If they are not,
additional data gathering will be required. When sufficient
data are available, remedial response objectives with
respect to the contaminants of concern, the areas and
volumes of contaminated media, and existing and
potential exposure routes and receptors of concern can
be developed as part of the FS.

3.5 Data Management Procedures

An RI may generate an extensive amount of information,
the quality and validity of which must be consistently well
documented because this information will be used to
support remedy selection decisions and any legal or cost
recovery actions. Therefore, field sampling and analytical
procedures for the acquisition and compilation of field and
laboratory data are subject to data management
procedures.’’ The discussion on data management

10 DQOs will govern the data management procedures used, and the
QAPP/FSP will identify both field-collected and analytical data.
Information to be recorded should include sampling information,
recording procedures, sample management, and QC concerns.
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Figure 3-4. Identification of exposure pathways



procedures is divided into three categories: field activities,
sample management and tracking, and document control
and inventory.

3.5.1 Field Activities

During site characterization and sampling, consistent
documentation and accurate recordkeeping procedures
are critical because subsequent decisions will be made
on the basis of information gathered during these tasks.
Aspects of data management for sampling activities
during site characterization include:

I Quality Assurance/Quality Control (QA/QC) Plans —
These documents provide records of responsibility,
adherence to prescribed protocols, nonconformity
events, corrective measures, and data deficiencies.

A Data Security System — This system outlines the
measures that will be taken in the field to safeguard
chain -of -custody records and prevent free access to
project records, thereby guarding against accidental
or intentional loss, damage, or alteration.

Field Logs — The daily field logs are the primary
record for field investigation activities and should
include a description of any modifications to the
procedures outlined in the work plan, field sampling
plan, or health and safety plan, with justifications for
such modifications. Field measurements and
observations should be recorded directly into the
project log books. Examples of field measurements
include pH, temperature, conductivity, water flow, air
quality parameters, and soil characteristics. Health
and safety monitoring, sampling locations, sampling
techniques, and a general description of daily activity
are typically included in the daily log. Any unusual
occurrences or circumstances should be documented
in these logs and can be used for reference in
determining the possible causes for data anomalies
discovered during data analysis. Data must be
recorded directly and legibly in field log books with
entries signed and dated. Changes made to original
notes should not obliterate the original information
and should be dated and signed. Standard format
information sheets should be used whenever
appropriate and should be retained in permanent files.

Documentation involved in maintaining field sample
inventories and proper chain-of-custody records may
include the following™:

1 Sample Identification Matrix

1 Sample Tag

1 Specific requirements may vary between state- and federal-
lead sites.
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Traffic Report

High-Hazard Traffic Report

SAS Packing List

Chain-of-Custody Form

Notice of Transmittal

Receipt for Samples Form

Central Regional Laboratory (CRL) Sample Data
Report

1 Shipping Airbill

Additional information for each of these items, along with
the instructions for their completion, can be found in
Section 6.2 of the Compendium.

3.5.2 Sample Management and Tracking

A record of sample shipments, receipt of analytical
results, submittal of preliminary results for QA/QC review,
completion of QA/QC review, and evaluation of the QC
package should be maintained to ensure that only final
and approved analytical data are used in the site
analysis. In some instances, the use of preliminary data
is warranted to prepare internal review documents, begin
data analysis while minimizing lost time for the
turnaround of QA/QC comments, and continue narrowing
remedial action alternatives. Preliminary data are
considered unofficial, however, and preliminary data used
in analyses must be updated upon receipt of official
QA/QC comments and changes. Sample results should
not be incorporated in the site characterization report
unless accompanied by QA/QC comments.

The DQOs stated for each task involving sample analysis
must specify whether the information is valid with
qualifiers or not and must specify which qualifiers can
invalidate the use of certain data. For instance,
reproducibility of plus or minus 20 percent may be
acceptable in a treatability study but may not be
acceptable for determining the risk to human health from
drinking water. Acceptability of data quality is not
established until the reviewed QA/QC package
accompanies the analytical data.

The acceptable QA/QC package should be defined in the
approved site QAPP for each discrete task. Where use
of the CLP is involved, review by the CRL QA Office is
typical but may vary from one Region to the next and
may vary from one state to the next in the case of
state-lead sites. Nevertheless, the



DQOs outlined for the use of the data will dictate the level
of review required.

3.5.3 Document Control and Inventory

Sample results should be managed in a standardized
form to promote easy reporting of data in the site
characterization report. Precautions should be taken in
the analysis and storage of the data collected during site
characterization to prevent the introduction of errors or the
loss or misinterpretation of data.

The document inventory and filing systems can be set up
on the basis of serially humbered documents. These
systems may be manual or automated. A suggested
structure and sample contents of a file for Superfund
activities are shown in Table 3-11. The relationship of this
filing system to the Administrative Record is discussed in
the “Interim Guidance on Administrative Records for
Selection of CERCLA Response Actions” (U.S. EPA,
Draft, June 1988.)

3.6 Community Relations Activities During
Site Characterization

Two day communication with interested members of the
community should be maintained throughout the RI. The
remedial project manager and Community Relations
Coordinator keep local officials and concerned citizens
apprised of site activities and of the schedule of events by
implementing several community relation activities. These
actions are usually delineated in the community relations
plan and typically included, but are not limited to, public
information meetings at the beginning and end of the RI;
a series of fact sheets that will be distributed to the
community during the investigation and will describe up-
to-date progress and plans for remedial activities;
telephone briefings for key members of the community,
public officials and representatives of concerned citizens,
and periodic news releases that describe progress at the
site.

The files containing the Administrative Record should be
established once the RI/FS work plan is finalized and
kept at or near the site. It is recommended that the files
containing the Administrative Record be kept at one of the
information repositories for public information at or near
the site and near available copying facilities. Copies of
site-related information should be made available to the
community and should typically include the RI/FS work
plan, a summary of monitoring results, fact sheets, and
the community relations plan. The objective of the
community relations activities during the Rl is to educate
the public on the remedial process and keep the
community informed of project developments as they
occur, thereby reducing the likelihood of conflict arising
from alack of information, misinformation, or speculation.
As directed in the community relations
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Table 3-11.

Outline of Suggested File Structure for
Superfund Sites

Congressional Inquiries and Hearings:

Correspondence
Transcripts

Testimony

Published hearing records

Remedial Response:

Discovery
- Initial investigation reports
- Preliminary assessment report

- Site inspection report
Hazard Ranking System data

Remedial planning

- Correspondence

Work plans for RI/FS
Ri/FS reports
- Health and safety plan
- QA/QC plan
- Record of decision/responsiveness summary

Remedial implementation

- Remedial design reports
Permits
Contractor work plans and progress reports
Corps of Engineers agreements, reports, and
correspondence

State and other agency coordination

- Correspondence
- Cooperative agreements/Superfund state contract
- State quarterly reports
- Status of state assurances
- Interagency agreements
Memorandum of Understanding with the state

Community relations

- Interviews

- Correspondence
- Community relations plan

- List of people to contact, e.g., local officials, civic leaders,

environmental groups
- Meeting summaries
- Press releases
- News clippings
- Fact sheets
- Comments and responses
- Transcripts
Summary of proposed plan
Responsiveness summary

Imagery:

Photographs
Illustrations

Other graphics

Enforcement:

Status reports

Cross-reference to any confidential enforcement files and the
person to contact

Correspondence

Administrative orders

Contracts

Site-specific contracts

Procurement packages
Contract status notifications

List of contractors

Financial Transactions:

Cross-reference to other financial files and the person to contact

Contractor cost reports
Audit reports




plan, all activities should be tailored to the community
and to the site.

3.7 Reporting and Communication During Site
Characterization

During site characterization, communication is required
between the lead agency and the support agency.’? In
addition to routine communication between members of
the lead agency and their contractor on project progress,
written communication is required between the lead
agency and the support agency as follows:

1. The lead agency should provide the draft work plan to
the support agency for review and comment
(discussed in Chapter 2.)

2. The lead agency should provide information on
contaminant types and affected media to the support
agency for ARAR identification (chemical- and
location-specific ARAR determinations are finalized
once the site characterization is complete).

3. The lead agency should provide data obtained during
site characterization to ATSDR.™

4, The lead agency should provide a preliminary
summary of site characterization to the support
agency (this may serve as the mechanism for ARAR
identification).

5. The lead agency should provide a draft RI report for
review and comment by the support agency.

Table 3-12 summarizes the points during site
characterization when written or oral communication is
recommended.

3.7.1 Information for ARAR ldentification

The information for the support agency's use in identifying
ARARs should include a description of the contaminants
of concern, the affected media, and any physical features
that may help identify location-specific ARARs. This
information may be supplied by the preliminary site
characterization summary (as

2 Reporting and communicating during a PRP-lead RI/FS is
discussed in Appendix A and in the forthcoming “Draft
Guidance on Oversight of Potentially Responsible Party
Remedial Investigations and Feasibility Studies.”

= Guidance for coordinating remedial and ATSDR health
assessment activities is provided in OSWER Directive 9285.4-
02.
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discussed below) or by a letter or other document. The
support agency shall provide location- and
chemical-specific ARARs to the lead agency before
preparation of the draft RI report.

3.7.2 Preliminary Site Characterization Summary

A summary of site data following the completion of initial
field sampling and analysis should be prepared. This
summary should briefly review the analytical results of
investigative activities to provide the lead agency with a
reference for evaluating the development and screening of
remedial alternatives. In addition, the preliminary site
characterization summary may be used to assist the
support agency in identification of ARARs and provide
ATSDR with data (prior to issuance of the draft RI) to
assist in their health assessment efforts.

The format of this summary is optional and is left to the
discretion of the lead-agency RPM. The format may
range from a technical memorandum, which simply lists
the locations and quantities of contaminants at the site,
to a rough draft of the first four chapters of the RI report
(see Table 3-13). Use of the technical memorandum and
a progress meeting is strongly encouraged over the latter
to better facilitate RI/FS schedules and sampling
progress in the field.

3.7.3 Draft Rl Report

A draft RI report should be produced for review by the
support agency and submitted to ATSDR for its use in
preparing a health assessment and also serve as
documentation of data collection and analysis in support
of the FS. The draft RI report can be prepared any time
between the completion of the baseline risk assessment
and the completion of the draft FS. Therefore, the draft RI
report should not delay the initiation or execution of the
FS.

Table 3-13 gives a suggested format for the draft RI
report. The report should focus on the media of concern
and, therefore, does not need to address all the site
characteristics listed, only those appropriate at that
specific site.



Table 3-12.

Information Needed

Reporting and Communication During Site Characterization

Purpose

Potential Methods of
Information Provision

Need to rescope field activities
on the basis of results of field
observations

Need to rescope field activities
on the basis of results of
sample analysis

Preliminary results of field
investigation tasks (e.g.,
geophysical explorations,
monitoring well installation, etc.)

Descriptive and analytical
results of initial site
characterization results
(excluding risk assessment)

Listing of contaminants,
affected media; location of
wetlands, historic sites, etc.

Refined remedial action
objectives

Documentation of site
characterization field activities
and analyses including any
treatability testing

Needed only if screening indicates that field activities need to be
rescoped; for lead agency and contractor to identify methods to
improve effectiveness of site characterization activities; for lead
agency to obtain support agency review and concurrence

Needed only if analysis of laboratory data indicates field activities
need to be rescoped; for lead agency and contractor to identify
methods to improve effectiveness of site characterization
activities; for lead agency to obtain support agency review and
concurrence

Provided by the contractor to the lead agency; need and method of
communication at lead agency’s discretion

Provides lead agency with early summary of site data; assists in
supporting agency with identification of ARARs; may also be
submitted to ATSDR for use in preparing health assessment.

For support agency’s use in identifying chemical- and location-
specific ARARSs.

For lead agency and contractor to define the basis for developing
remedial action alternatives; obtain review and comment from the
support agency

Required for members of lead agency and their contractor to
prepare for public comment and FS support documentation

Meeting
Tech memo
Other

Meeting
Tech memo
Other

Tech memos
Other

Preliminary site
characterization summary

Preliminary site
characterization summary

Meeting
Tech memo
Other

Draft RI report
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Table 3-13. Suggested Rl Report Format

Executive Summary

1. Introduction
11 Purpose of Report

1.2 Site Background

1.2.1 Site Description
1.2.2 Site History

1.2.3 Previous Investigations
1.3 Report Organization

2. Study Area Investigation
2.1 Includes field activities associated with site characterization. These may include physical and chemical monitoring of some,

but not necessarily all, of the following:
2.1.1 Surface Features (topographic mapping, etc.) (natural and manmade features)
2.1.2 Contaminant Source Investigations

2.1.3 Meteorological Investigations
2.1.4 Surface-Water and Sediment Investigations
2.1.5 Geological Investigations
2.1.6 Soil and Vadose Zone Investigations
2.1.7 Ground-Water Investigations
2.1.8 Human Population Surveys
2.1.9 Ecological Investigations
2.2 If technical memoranda documenting field activities were prepared, they may be included in an appendix and summarized in
this report chapter.

3. Physical Characteristics of the Study Area
3.1 Includes results of field activities to determine physical characteristics. These may include some, but not necessarily all, of
the following:
3.1.1 Surface Features
3.1.2 Meteorology

3.1.3 Surface-Water Hydrology

3.1.4 Geology
3.1.5 Soils

3.1.6 Hydrogeology

3.1.7 Demography and Land Use
3.1.8 Ecology

4. Nature and Extent of Contamination
4.1 Presents the results of site characterization, both natural and chemical components and contaminants in some, but not
necessarily all, of the following media:
4.1.1 Sources (lagoons, sludges, tanks, etc.)

4.1.2 Soils and Vadose Zone
4.1.3 Ground Water

4.1.4 Surface Water and Sediments
4.15 Air

5. Contaminant Fate and Transport
5.1 Potential Routes of Migration (i.e., air, ground water, etc.)
5.2 Contaminant Persistence
5.2.1 Ifthey are appliable (i.e., for organic contaminants), describe estimated persistence in the study area environment and
physical, chemical, and/or biological factors of importance for the media of interest.
5.3 Contaminant Migration
5.3.1 Discuss factors affecting contaminant migration for the media of important (e.g., sorption onto soils, solubility in water,
movement of ground water, etc.)
5.3.2 Discuss modeling methods and results, if applicable.

6. Baseline Risk Assessment
6.1 Human Health Evaluation

6.1.1 Exposure Assessment

6.1.2 Toxicity Assessment
6.1.3 Risk Characterization

6.2 Environmental Evaluation
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Table 3-13 Continued

7.  Summary and Conclusions

7.1 Summary
7.1.1 Nature and Extent of Contamination
7.1.2 Fate and Transport
7.1.3 Risk Assessment

7.2 Conclusions
7.2.1 Data Limitations and Recommendations for Future Work
7.2.2 Recommended Remedial Action Objectives

Appendices

A. Technical Memorandum on Field Activities (if available)
B. Analytical Data and QA/QC Evaluation Results

C. Risk Assessment Methods
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Chapter 4
Development and Screening of Alternatives

4.1 Introduction
4.1.1 Purpose of Alternative Development and
Screening

The primary objective of this phase of the FS is to develop
an appropriate range of waste management options that
will be analyzed more fully in the detailed analysis phase
of the FS. Appropriate waste management options that
ensure the protection of human health and the
environment may involve, depending on site-specific
circumstances, the complete elimination or destruction of
hazardous substances at the site, the reduction of
concentrations of hazardous substances to acceptable
health-based levels, and prevention of exposure to
hazardous substances via engineering or institutional
controls, or some combination of the above. Alternatives
are typically developed concurrently with the RI site
characterization, with the results of one influencing the
other in an iterative fashion (i.e., Rl site characterization
data are used to develop alternatives and screen
technologies, whereas the range of alternatives developed
guides subsequent site characterization and/or treatability
studies). An overview of the entire FS process is
presented in the following subsections.

4.1.2 FS Process Overview

The FS may be viewed (for explanatory purposes) as
occurring in three phases: the development of alternatives,
the screening of the alternatives, and the detailed
analysis of alternatives. However, in actual practice the
specific point at which the first phase ends and the
second begins is not so distinct. Therefore, the
development and screening of alternatives are discussed
together to better reflect the interrelatedness of these
efforts. Furthermore, in those instances in which
circumstances limit the number of available options, and
therefore the number of alternatives that are developed, it
may not be necessary to screen alternatives prior to the
detailed analysis.
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4121 Development and Screening of

Alternatives

Alternatives for remediation are developed by assembling
combinations of technologies, and the media to which
they would be applied, into alternatives that address
contamination on a sitewide basis or for an identified
operable unit. This process consists of six general steps,
which are shown in Figure 4-1 and briefly discussed
below:

Develop remedial action objectives specifying the
contaminants and media of interest, exposure
pathways, and preliminary remediation goals that
permit a range of treatment and containment
alternatives to be developed. The preliminary
remediation goals are developed on the basis of
chemical-specific ARARs, when available, other
available information (e.g., Rfds), and site-specific
risk-related factors.*

Develop general response actions for each medium of
interest defining containment, treatment, excavation,
pumping, or other actions, singly or in combination,
that may be taken to satisfy the remedial action
objectives for the site.

Identify volumes or areas of media to which general
response actions might be applied, taking into
account the requirements for protectiveness as
identified in the remedial action objectives and the
chemical and physical characterization of the site.

Identify and screen the technologies applicable to
each general response action to eliminate those that
cannot be implemented technically at the site.? The
general response actions are further

1 These preliminary remediation goals are reevaluated as site
characterization data and information from the baseline risk assessment
become available.

2 Itis important to distinguish between this medium-specific technology
screening step during development of alternatives and the alternative
screening that may be conducted subsequently to reduce the number of
alternatives prior to the detailed analysis.
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Figure 4-1 Alternative development.
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defined to specify remedial technology types (e.g.,
the general response action of treatment can be
further defined to include chemical or biological
technology types).

Identify and evaluate technology process options to
select a representative process for each technology
type retained for consideration. Although specific
processes are selected for alternative development
and evaluation, these processes are intended to
represent the broader range of process options within
a general technology type.

Assemble the selected representative technologies
into alternatives representing a range of treatment and
containment combinations, as appropriate.

Figure 4-2 provides a generic representation of this
process. Section 4.2 contains a more detailed description
and specific examples of alternative development.

For those situations in which numerous waste
management options are appropriate and developed, the
assembled alternatives may need to be refined and
screened to reduce the number of alternatives that will be
analyzed in detail. This screening aids in streamlining the
feasibility study process while ensuring that the most
promising alternatives are being considered.

As discussed earlier, in other situations the number of
viable or appropriate alternatives for addressing site
problems may be limited; thus, the screening effort may
be minimized or eliminated if unnecessary. The scope of
this screening effort can vary substantially depending on
the number and type of alternatives developed and the
extent of information necessary for conducting the
detailed analysis. The scope and emphasis can also vary
depending on either the degree to which the assembled
alternatives address the combined threats posed by the
entire site or on the individual threats posed by separate
site areas or contaminated media. Whatever the scope,
the range of treatment and containment alternatives
initially developed should be preserved through the
alternative screening process to the extent that it makes
sense to do so.

As part of the screening process, alternatives are
analyzed to investigate interactions among media in
terms of both the evaluation of technologies (i.e., the
extent to which source control influences the degree of
ground-water or air-quality control) and sitewide
protectiveness (i.e., whether the alternative provides
sufficient reduction of risk from each media and/or
pathway of concern for the site or that part of the site
being addressed by an operable unit). Also at this stage,
the areas and quantities of contaminated
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media initially specified in the general response actions
may also be reevaluated with respect to the effects of
interactions between media. Often, source control actions
influence the degree to which ground-water remediation
can be accomplished or the time frame in which it can be
achieved. In such instances, further analyses may be
conducted to modify either the source control or
ground-water response actions to achieve greater
effectiveness in sitewide alternatives. Using these refined
alternative configurations, more detailed information about
the technology process options may be developed. This
information might include data on the size and capacities
of treatment systems, the quantity of materials required
for construction, and the configuration and design
requirements for groundwater collection systems.

Information available at the time of screening should be
used primarily to identify and distinguish any differences
among the various alternatives and to evaluate each
alternative  with respect to its effectiveness,
implementability, and cost. Only the alternatives judged
as the best or most promising on the basis of these
evaluation factors should be retained for further
consideration and analysis.® Typically, those alternatives
that are screened out will receive no further consideration
unless additional information becomes available that
indicates further evaluation is warranted. As discussed in
Section 4.2.6, for sites at which interactions among
media are not significant, the process of screening
alternatives, described here, may be applied to
medium-specific options to reduce the number of options
that will either be combined into sitewide alternatives at
the conclusion of screening or will await further evaluation
in the detailed analyses. Section 4.3 contains more detail
about screening alternatives.

4.1.2.2 Detailed Analysis of Alternatives

During the detailed analysis, the alternatives brought
through screening are further refined, as appropriate, and
analyzed in detail with respect to the evaluation criteria
described in Chapter 6. Alternatives may be further refined
and/or modified based on additional site characterization
or treatability studies conducted as part of the RIl. The
detailed analysis should be conducted so that
decision-makers are provided with sufficient information to
compare alternatives with respect to the evaluation criteria
and to select an appropriate remedy. Analysis activities
are described in greater detail in Chapter 6.

3 As with the use of representative technologies, alternatives
may be selected to represent sufficiently similar management
strategies; thus, in effect, a separate analysis for each
alternative is not always warranted.
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Figure 4-2. Generic alternative development process.

:] Process options selected to represent technology type
* Note The combination of medium-technology options into site-wide alternatives may be conducted later in the FS if media interactions are insignificant




4.1.3  Alternative Ranges

Alternatives should be developed that will provide
decision-makers with an appropriate range of options and
sufficient information to adequately compare alternatives
against one another. In developing alternatives, the range
of options will vary depending on site-specific conditions.
A general description of ranges for source control and
groundwater response actions that should be developed,
as appropriate, are described below.

4.1.3.1 Source Control Actions

For source control actions, the following types of
alternatives should be developed to the extent practicable:

I A number of treatment alternatives ranging from one
that would eliminate or minimize to the extent
feasible the need for long-term management
(including monitoring) at a site to one that would use
treatment as a primary component of an alternative to
address the principal threats at the site.* Alternatives
within this range typically will differ in the type and
extent of treatment used and the management
requirements of treatment residuals or untreated
wastes.

One or more alternatives that involve containment of
waste with little or no treatment but protect human
health and the environment by preventing potential
exposure and/or reducing the mobility of
contaminants.

1 A no-action alternative®

Figure 4-3 conceptually illustrates this range for source
control alternatives.

Development of a complete range of treatment alternatives
will not be practical in some situations. For example, for
sites with large volumes of low concentrated wastes such
as some municipal landfills and mining sites, an
alternative that eliminates the need for long-term
management may not be reasonable given site
conditions, the limitations of technologies, and extreme
costs that may be involved. If a full range of alternatives is

4 Alternatives for which treatment is a principal element could
include containment elements for untreated waste or treatment
residuals as well.

5 Although a no-action alternative may include some type of
environmental monitoring, actions taken to reduce the potential
for exposure (e.g., site fencing, deed restrictions) should not be
included as a component of the no-action alternatives. Such
minimal actions should constitute a separate "limited" action
alternative.

not developed, the specific reasons for doing so should be
briefly discussed in the FS report to serve as
documentation that treatment alternatives were assessed
as required by CERCLA.

4.1.3.2 Ground-water Response Actions

For ground-water response actions, alternatives should
address not only cleanup levels but also the time frame
within which the alternatives might be achieved.
Depending on specific site conditions and the aquifer
characteristics, alternatives should be developed that
achieve ARARs or other health-based levels determined
to be protective within varying time frames using different
methodologies. For aquifers currently being used as a
drinking water source, alternatives should be configured
that would achieve ARARs or risk-based levels as rapidly
as possible. More detailed information on developing
remedial alternatives for ground-water response actions
may be found in "Guidance on Remedial Actions for
Contaminated Ground Water at Superfund Sites" (U.S.
EPA, August 1988).

4.2 Alternative Development Process

The alternative development process may be viewed as
consisting of a series of analytical steps that involves
making successively more specific definitions of potential
remedial activities. These steps are described in the
following sections.

4.2.1 Develop Remedial Action Objectives

Remedial action objectives consist of medium-specific or
operable unit-specific goals for protecting human health
and the environment. The objectives should be as specific
as possible but not so specific that the range of
alternatives that can be developed is unduly limited.
Column two of Table 4-1 provides examples of remedial
action objectives for various media.

Remedial action objectives aimed at protecting human
health and the environment should specify:

I The contaminant(s) of concern

Exposure route(s) and receptor(s)

An acceptable contaminant level or range of levels for
each exposure route (i.e., a preliminary remediation
goal)

Remedial action objectives for protecting human receptors
should express both a contaminant level and an exposure
route, rather than contaminant levels alone, because
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